= 


THE | 
INSTITUTION 
OF PRODUCTION 
_ ENGINEERS 

JOURNAL 











THE INSTITUTION 


OF 


PRODUCTION ENGINEERS JOURNAL 


10 CHESTERFIELD STREET . LONDON . WI 


Telephone : 


GROsvenor 5254/9 





Vol. 37, No. 7 Price 10/- 


CONTENTS 


“ Business FINANCING AND THE Stock ExcHANGE”’ by Gordon Cummings 


THE 1957 GEORGE BRAY MEMORIAL LECTURE 
FABRICATION OF Piastics” by Dr. V. E. 
D.Sc.Tech.(Ziirich), F.R.1L.C., F.P.I., M.I.Chem.E. . 





“ THE Yarsley, M.Sc., 


REporT AND DiscussION 
“Arr Gaucinc — History AND Future DeveLopments ” by C. J. Tanner 
Tue Principat Orricers, 1958 - 1959 
News oF MEMBERS 
Opsrruary — Mr. F. T. Nurrish, M.B.E., M.I.Prod.E. 


HazLeTON MeEmoriAL Lisprary — Additions 


July 1958 


397 


448 


463 


464 


465 


466 


The Institution of Production Engineers does not accept responsibility for any statements 
made or opinions expressed in any papers published in the Journal of the Institution. 





EDITORIAL COMMITTEE 
John Mitford Brice — Chairman 


The Rt. Hon. The Earl of Halsbury 
— President of the Institution 


H. W. Bowen, O.B.E. — Chairman 


of Council 
A. A. Francis 
H. Peter Jost 
J.C. Z. Martin 
J.J. Peck 
R. V. Rider 
M. J. Sargeaunt 
B. E. Stokes 
H. J.C. Weighell 


EDITOR 
M.S.C. Bremner 


SECRETARY OF THE INSTITUTION 
W. F. S. Woodford 


The Institution of Production Engineers Journal ili 


LAYOUT FLUIDS 


FOR BLACK SHEETS, CASTINGS, 
eTc. 


- “a TT , 


Supplied in Iqt., + Gallon and 
! Gallon tins. 








Th 


i) 








\) why pick on us? 


We’re just the type for Imperial Typewriters. 
They picked on us to cast the aluminium 

side plates for their new typewriter because 
they knew we’d do it quickly, cheaply and well. 

Imperial Typewriters are just the type for us. 
They wanted quantity production of the type 
of casting for which we are well equipped. If that’s 

the type of job you want done — pick on us. 


the whole in one 


BRITISH DIE CASTING AND ENGINEERING CO. LTD. 
EDWARD ROAD - NEW BARNET - HERTS - TEL: BARNET 9211 
ALSO AT WEST CHIRTON TRADING ESTATE - NORTH SHIELDS 
NORTHUMBERLAND - NORTH SHIELDS 2100 
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MILLS 


BRIGHT STEEL ai 


Rounds (drawn, turned wind ground) 
Hexagons, Squares, Flats, 
and Special Sections. 






Mild, Freecutting, Casehardening, 
| Carbon and Alloy steels. 

| Supplied to A.1.D., Admiralty, 

| B.S. 970 and customers’ 
| own specifications. 











EXORS. OF JAMES MILLS LTD. 


BREDBURY STEEL WORKS WOODLEY. NR. STOCKPORT 


Telephone: WOODLEY 2231.(10 lines) Telegrams: ‘‘MILLS'' PHONE WOODLEY 
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Many problems involved in the high-rate produc- 
tion of work of special nature or requirement are 
being solved by B.S.A. single spindle automatics. 
For work up to 2 in. diameter, from the common- 
place to the most intricate, B.S.A. automatics 
maintain their reputation for speed with accuracy 
and reliability. 


magazine loading 


This bronze component is machined complete in 7 
seconds on a B.S.A. 98 single spindle automatic. 
The “hairpin”? magazine feeds the cast-blank to a 
loading block on the rear cross 

slide whence it is transferred to 

a chuck. Ten operations are 

performed involving tooling on 

the front cross slide, the turret 

and a stationary cutter within 

the workspindle, then the finished 

part is automatically released to 

fall in the pan. 


Standard tooling on a B.S.A. 48 single spindle automatic 
produces this burner-jet in 3} seconds. Included in the 
sequence of operations is an electro-pneumatic means 
of automatic inspection of the fine hole. Any obstruction 
to an air-blast which is directed through the component 
315° causes a back pressure to be 

_ fe fed to a Sigma control unit. 
“ae yes This operates a solenoid unit 
YY ; which stops the machine and 
\S lights an indicator. Drill 
OMOOO replacement and removal of 
Ns — the defective component can 


0146" DIA (04mm) them be made. 


34 Secs 


Also B.S.A. METRIC 18-52 mm. single spindle automatics for users of continental specification machines 


B.S.A. TOOLS LIMITED - BIRMINGHAM 33 - ENGLAND 


Sole Agents in Great Britain: 
BURTON GRIFFITHS & CO LTD - KITTS GREEN BIRMINGHAM Telephone: STEchford 307! 
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PNEUTOMATION 


perfect control for 
complex jobs 
































Before production problems become 

major headaches, get a vest-pocket elephant 
into your works—PNEUTOMATION! 
PNEUTOMATION gives you jumbo- 
sized performance—plus docility. 

It never varies, never tires, delivers exactly 
the right amount of power, in the right 
place at the right time—every time. 

With PNEUTOMATION in control, 
human errors and operator fatigue become 
things of the past, production speeds up, 
costs and rejects drop. 

Simple design, careful workmanship and 
completely non-corrodible materials cut 
replacement and maintenance costs, 

make Lang PREUTOMATION 

a really long-lasting, 

trouble-free pneumatic power system. 


Pneutomation 
never forgets 
to operate 


PNEUTOMATION 


energy under control 


The ‘ Pneulang’ basic cylinder unit, just one of 
the 264 cylinders available ‘ off-the-shelf’. 

The range of PREUTOMATION equipment also 
includes many types of manual and automatic 
valves, lubricators, airflow regulators, 

pipes and fittings, etc. 












NA 


— LANG we EU MATIC LTD 


VICTORY WORKS BIRMINGHAM ROAD WOLVERHAMPTON Tel 25221-2723 


_— 
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FIRSTIN THE FIELD—AND STILL IN THE LEAD 


— 


LINCOLNWELD = 
SPEEDS re 
PRODUCTION! 


Specially Adapted Lincoln Submerged Arc Automatic 
Welding Units, continuously welding brake support plates to rear axle 


tube assemblies for Bedford Commercial Vehicles and Trucks. 


This installation speeds Vauxhall Motors’ production and shows 


substantial savings over previous hand welding methods. 


Let us advise you on YOUR production problems! 


Write to The Automatics Division. 


LINCOLN ELECTRIC COMPANY LIMITED 


WELWYN GARDEN CITY - HERTS - WELWYN GARDEN 920 (5 lines) 4581 (5 lines) 


sm107 
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... transfer... 


, Ora... 


- «roll, clean, sort, lift, turn, grasp and shelve. 
Hymatic Automation is thus invaluable in the automatic 
and selective transfer of parts from one process to the next, 
from conveyor to conveyor; in unloading one machine and 
loading the next; or in quick clamping to hold parts during 
machining. All designs of Hymatic Automation are made 
for specific tasks but are readily adaptable to others. 
Hymatic Automation covers the whole problem—the de- 
sign of the circuit—the machine— the means of control. 








... pull... 





THE HYMATIC ENGINEERING CO. LTD. DEPT. HA.84 * REDDITCH + WORGS,. 








Too 


——= 











...ClOSE... 


Hymatic Automation, therefore, has a place in your pro- 
gramme of productivity improvement. 

Perhaps in your Works, too, there are jobs where it is poss- 
ible for people to burn or cut themselves, strain or crush 
themselves, lose fingers or even a hand; or perhaps there 
are jobs for which you just cannot find people. 


In all events CONSULT 


Hymatic Automation. 
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RAWLBOLTS LIFT 
J-ION BOULDERS 


When wire slinging fails, how do you excavate round granite boulders, 
weighing five tons or more each, from a pit 12 ft. square and 20 ft. deep? 
That was the problem in Hong Kong. It was solved by drilling the granite 
to take a “ K ” size Rawlbolt fitted with a 1” diameter eyebolt. Says Mr. 
A. C. Howarth, M.I.C. Project Manager==“‘ This device proved invaluable 
and lifted boulders up to five tons in weight, even though there was consider- 
able extra load due to suction when we were getting down to the sandbed.” 






















It is this tremendous grip of Rawlbolts that 
ensures safety in any bolt-fixing 
job, large or small. 


We are indebted to Messrs. 
George Wimpey & Co. Ltd., the 
Building and Civil Engineering 
Contractors, for the above 
information. The photograph 
was kindly provided by 
Mr. Howarth from the North 
Point Generating Station, i 
Hong Kong. i 








SIZES & TYPES FOR EVERY PURPOSE 


F. ixed i n m i nu te Ss For bolting down machines and heavy plant, use 


the Loose Bolt Rawlbolt—inserted after the machine 
- - r esd is slid into position; for wall-fixings, the Bolt Pro- 
Rawlbolts grip by expansion. You drill the material, insert the jecting Rawlbolt. There are Rawlbolts for supporting 


Rawlbolt, tighten up. The job is ready to take its full load at pipework and for use with pipe hangers, and Hook and 

once—no grouting in, no waiting for cement to harden. A pr Nes tam, Oe Seeeeanee frome 2° upeeds. 

Rawlbolt fixing is made in only a fraction of the time taken 
4 by any other method. 

Write now for free technical literature, and file it for quick 

reference when your next bolt-fixing job turns up. 


 ~<RAWLBOLTS 
| For Spead and 


THE RAWLPLUG CO. LTD. RAWLEL GS CROMWELL RD., LONDON, S.W.7 


+e. ie - 
























B.581 
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™ (the shape of things we handle 


Cars, crates and cases, bottles, bags 

and bacon, no matter what the product is, 
Paterson Hughes can supply a materials 
handling system specially suited to fulfil the 


requirements of your particular needs. 




















” il 


tins at Peek Frean Ltd. 


; a 





Car assembly line at a Rootes Group Factory s 


MECHANICAL HANDLING ENGINEERS AND CRANE MAKERS 
7 pea oON HUGHE 


WYNDFORD WORKS MARYHILL GLASGOW - TEL MARYHILL 2172-4 1 

BEDFORD HOUSE BEDFORD STREET LONDON WC? - TEL TEMPLE BAR 7274-6 
ENGINEERING COMPANY LIMITED k& 8 CHATHAM STREET PICCADILLY MANCHESTER - TEL CENTRAL 6023 
PATERSON HUGHES ENG SA (PTY) LTD PO BOX 811 JOHANNESBURG 





P.1487 
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The new cost-cutting factor in tool production 


Press tools of various types, as well as drill jigs, foundry patterns 
and vacuum forming moulds can be quickly, accurately 

and simply produced from “‘Epikote”’ Resins—instead of metals. 
Accuracy is ensured by their very low shrinkage on cure. 

Casting is simple, and is carried out at low temperatures ; 
subsequent machining and finishing are seldom necessary. 


Think of the savings in time and cost! 


Other advantages are weight savings up to 80 per cent, 
excellent corrosion and chemical resistance, and easy repair. 


Ask for details of these important developments. 





EPIKOTE. EPOXY RESINS 


SHELL CHEMICAL COMPANY LIMITED. /n association with Petrochemicals Limited and Styrene Products Limited. 
Divisional Offices: LONDON: Norman House, Strand, W.C.2. Tel : Temple Bar 4455. BIRMINGHAM: 14-20, Corporation Street, 2. Tel : Midland 6954-8. 
MANCHESTER : 144-6, Deansgate. Tel : Deansgate 6451. GLasGow : 124, St. Vincent St., C.2. Tel : Glasgow Central 9561. BELFAST : 35-37 Boyne Square. 
Tel: Belfast 26094. puBLIN : 53, Middle Abbey Street. Tel : Dublin 45775. 

“EPIKOTE” is a Registered Trade Mark 
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HIGH SPEED AUTOMATIC TURRET 


SCREW MACHINE 
1) >] > @el 


manufactured by 
INDEX-WERKE K.G. HAHN & TESSKY 
Esslingen-Neckar (Germany) 





combines the universal qualities of the wellknown 
INDEX TURRET SCREW MACHINES with 
the high production times of the INDEX ON. 





SAMPLE PARTS made on INDEX OR 


Material: Brass.- Scale: full size 





| Scale *— 


8 secs. 
3 2:1 8secs. 


vel ~ of & ¥ Py. " ae, ° 4 cee 8 mame 


2 e@een 4 al - 5 secs. 
: a4 ba, 10 secs. 


rid 


+ 7 
(ee et So se ecm emcee eee anememee 


11 secs. 


-_ To 


6 secs. 











CAPACITY 
Max. Chuck capacity 
MAIN SPINDLE 
Revolutions per. min. variable 


Tame LO Melhic-tectal ey el-1-Teh 950 - 7500 
THREADING SPINDLE 


Max. number of revolutions p.m. n= 10000 


HIGH SPEED DRILLING SPINDLE 
Max. speed r.p.m. n-— 10000 
Gross drilling speed (work spindle running 
Taleo) o) oleh tii-melic-xeitelap) rp.m. n-— 17500 








INDEX OR, splash guards taken off 


Let us send you full particulars and production 
times on your own works. 


Sole Agents for Eliacll sidiicliamelale mh lelaisl-taaieicslelaler 


GEO. KINGSBURY & CO. (Machine Tools) LIMITED 


54. Victoria Street LONDON 5S.W.1. Telephone TATe Gallery 0462 3 
Showroom and Spares Dept.: 4-6, Miiner Street, LONDON S.W.3., Telephone: KNightsbridge 8497/8 
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ABRASIVE BELT 
MACHINES 


oF THE Meter aRrouP oF COMPANIES 


HEAD OFFICE 


B. O. MORRIS LIMITED, BRITON ROAD, COVENTRY. TEL: 5081 
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eye) 4 
Taine 
the 
blower 


It’s well worth looking into because it’s a Plannair blower, and power for size, is the most 
effective you can find anywhere. In the aircraft and electronic fields, for cooling or heating, 
Plannair blowers have proved outstanding in numerous applications and are now being specified 
by design engineers in the electrical and engineering industries. 

This latest example of superior Plannair design is a two stage 6” blower (details of which are 
given below) providing manufacturers with a dynamic, effective answer to problems 
involving air movement. 

When you contact Plannair your problem days are numbered. The Company’s specialised 
facilities and helpful advice are freely available. All you have to do is—’phone Leatherhead 4091. 


PLANNAIR BLOWER 6PLI122-79 


Soggy a 
(Axial Flow — 2 stage) PLANNAIR 
ee 


Blade tip diameter of impeller 6” 
Volumetric airflow 310 c.f.m. at a maximum 


pressure rise of 1.3” S.W.g. PLANNAIR LIMITED - WINDFIELD 
230v. single phase 50c capacitor type 2,900 r.p.m. HOUSE - LEATHERHEAD - SURREY 





GEARLESS GEARBOX 


& 
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[hey go to lown at... 
FERRANTI LTD 


Ferranti enjoy trouble-free service from the battery of Town radial drilling machines 
in their Transformer Shop. Amongst them is the latest Model A.E.4. pictured above. 


FREDS TOWN é SONS LTD 


HALIFAX - YORKSHIRE 


ESTABLISHED 1903 





al 


ES 
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The BIL 
wide-range oven 


This oven covers the range of 30°C to 300°C, 


with excellent heat-up and recovery characteristics. 


It can be used in three ways—as a convection oven, 


with vent open and without fan, as a fan-circulated 
closed oven, with vent shut and fan on, and as a 
forced-draught oven, with vent open and fan on. 
The oven is designed for use wherever 
accurate control of temperature is essential 
—in laboratory work or in the production 
of smail components, for example 
in the electrical and associated industries. 


Write for technical leaflet BT.82. 
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BAIRD & TATLOCK (LONDON) LTD CHADWELL HEATH, ESSEX, ENGLAND. 


Branches in London, Manchester and Glasgow. 


Agents throughout U.K. and all over the world. 


TAS/BT.18 





TYPES | SPEED POSSIBLE 
OF FEED | RANGES | COMBINATIONS 








6) With automatic cycle. 





WHY PAY FOR ‘SPECIAL’ FEATURES YOU MAY NEVER USE? 


When you equip with A & S Model ‘ 1” Millers you choose from 4 ranges of 
speeds and 6 different feed arrangements the best combination* for a particular 
job. Both hand-feed and automatic types can however be supplied with special 
attachments for special operations. No other small milling machine offers 
similar versatility or higher production capacity for so wide a range of work. 


aan x 7 *With the A & S Model ‘1’ broch 
t y, “ 
LONGITUDINAL TRAVERSE — 10’ growed sone eee 
in front of you, you would know 


VERTICAL TRAVERSE / exactly what we mean. 
TRANSVERSE TRAVERSE 


Write for tNustrated leaflet 


ADCOCK & SHIPLEY LTD 


P.O. Box 22. Ash Street, Leicester Telephone : Leicester 24154-6. Telegrams & Cables : Adcock, Leicester 
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The STANDARD Scale 


The Standard Scale is graduated on the same machine and with the 
same great precision as are the fundamental length prototypes 
supplied by SIP to the National Physical Laboratory (Teddington): the 
International Office of Weights and Measures (Sevres) and the 
National Bureau of Standards (Washington). It is the basis of all 
measuring instruments manufactured by Société Genevoise 
d’Instruments de Physique and provides absolute measurements. 


Type MUL-1000 
Linear capacity 1 metre 


The Universal Measuring Machine 


robust... versatile ...easy to operate 


Guaranteed measuring accuracy: 

up to 4” ove +» 0-00002” max. error 

up to 20” ans 0-00004” 

up to 40° ae +. 000006” 
This machine measures lengths up to 40"; 
inspects the elements of threads up to 5” in 
diameter; checks tapers and solids of revolu- 
tion, It is able to measure in rectangular 
co-ordinates. It possesses micrometer and 
goniometric microscopes; readings are easily 
and speedily taken. 
The Universal Measuring Machine is used to 
measure flat and spherical-ended standards, 
cylindrical and screw gauges, ring and snap 
gauges, contour gauges and many standard 
workpieces. Accessories enable the Machine 
to be adapted to other requirements. 


Measuring Machines by 


The MUL-1000 is one of several Measuring 
Machines in the manufacturing programme 
of Société Genevoise d'Instruments de Phy- 
sique which also includes: 
MUL-3000 and MUL-4000 Universal Mea- 
suring Machines of 3 and 4 metre linear 
capacity. 
MUL-250 Shop Gauge Measuring Machine. 
MU-214B Three Co-ordinate Universal 
Measuring Machine. 


Detailed information about the scope of these unique 
machines is available free on request from Societe 
Genevoise Lid., Newport Pagnall, Bucks., Telephone 
460- 1-2 
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Instantly 
Adjustable! 


10-TON 
CAPACITY! 


y x athe Priced as - 
rremed ep . ae #9 low as section j 
SERIES 


500"  'Boltless!.. | 
STORAGE — Safel.. fel. Rigid! | 
RACKS = } 





































Only 3 basic parts—a sturdy 3%” steel channel upright, L ‘ 
heavy-duty channel shelf arms and side brace angles— 
make Series ‘‘500’’ the most adaptable, easy-to-erect and tiny 
easy-to-adjust rack for pallet, shed or deck-type storage! i) . 
e No bolts or clips or special tools required. YI 
e Assemble or change in a matter of minutes. . i 
e 10-ton capacity per section. f 
@ Shelves adjust on 9” centers. ‘ 
® No back bracing! Load from either side! Write today for Bulletin! A Rack Engineer f 
will gladly call and recommend answers 
“Price ot maximum quantity discount to your storage problems! No obligations! ’ 
| 2 ACTK ENGINEERING _ (pied 
RLY ar AS ria\5 408A Montrose Ave. Slough, Bucks 





PLANTS: SLOUGH, ENGLAND «+ FARNHAM, P.Q. CANADA «+ CONNELLSVILLE, PA., and GARDENA, CALIF., U.S.A. 
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AWCO 


ANNOUNCE 


ANODAL 


a new insulated wire for windings 


AWCO E P ANODAL INSULATED WIRE is a continuously-anodised electrical 
purity aluminium wire manufactured at the Port Tennant works of the Aluminium 
Wire & Cable Co. Ltd. 

When used for windings, ANODAL insulated wire has unique properties that 


distinguish it from other insulated wires. They include:— 


very high thermal stability of the insulation—coils have 
operated successfully at temperatures up to 550°C, 


excellent heat transfer characteristics thus permitting lower 
and more uniform operating temperatures to be maintained 
throughout a winding, 


appreciable reduction in weight for coils maintaining the 
electrical characteristics of a copper winding, and 


smaller space occupied by the insulating film. 


ANODAL insulated wire is at present supplied in sizes within the 16-36 swg range 
at prices which permit appreciable reduction in wire costs for many applications. 
Full particulars are available on request. 


K ANODAL is a registered trade mark, 


ALUMINIUM WIRE & CABLE CO. LTD 


Britain's Largest Manufacturers of Aluminium Wire and Conductors 
Head Office and Works: PORT TENNANT, SWANSEA, GLAMORGAN 
Sales Office: 2 ST. JAMES’S SQUARE, LONDON, S.W.1 Telephone: TRAfalgar 6441 
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Is this a record...? 





This die is believed to be the largest of its kind in use in this } 
| country. It measures 5 ft. by 2 ft. 6in., and weighs 3 tons; 

the material is Edgar Allen ‘Double Six’ Die Steel. It is 

used by Brook Motors Ltd. for punching ten H.P. stator and 

rotor laminations in a complete operation at 80 strokes per 


minute from electrical quality strip 11 in. wide by 0.020 in. 

thick. The tool is finished to fine tolerances of 0.0001 in. EDGAR ALLEN 

About 80,000 laminations are obtained per re-grind of the f 
tool and the life expectation of the die is from 7 to 8 million 6 & 
stampings. 

A die of this size, complication and precision reflects great 

credit upon the Jig and Tool Department of Brook Motors 

Ltd., where it was made. The use of ‘Double Six’ steel 


reflects the confidence of all users who have tried this Super Die Steel 


remarkable Die Steel for important work. | 
For full particulars of ‘ Double Six’ and other Edgar Allen 
Die Steels and their treatment, write for free booklet. : 
” i 
ee oe a ee ee 3 
a To EDGAR ALLEN & CO. LTD. —wejts2n # 
gar Allen & Lo.Limite SHEFFELD 9 | 
Post data on ‘‘ Double Six die steel’ to— t 
t 


IMPERIAL STEEL WORKS - SHEFFIELD - 9 


PoeCCECECOCOCCOOCOOCOTO OCT OOOO OCeOSOOOOOOOr rrr rr trite) 
TOP eeE eC eCeCCeer Terre Cerrerererererrrrri rrr tii) 
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PUNCH SHAPING 
MACHINE 

























Easily produces stepped electrodes, thus enabling 
one electrode to be used for both roughing and 
finishing. 

Machining of intricate shapes made easy. 

Punch and electrode can be made together from 
one piece of steel, or if copper electrode required, 
in one operation by previously soldering the 
copper part on to the steel part. 

Machine is capable of taking heavy cuts up to 
1/8” on steel, yet fine finishing cuts of .0005”. 
Can be used for punches with or without base 
radii. 


EXAMPLES OF SHAPING 


io 100 MINS. 
a TIME 90 MINS. JRE 





For further particulars write or telephone TODAY 


WELSH HARP, EDGWARE RD., LONDON, N.W.2. 
TEL: GLADSTONE 0033 


ALSO AT BIRMINGHAM—TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW—TEL: MERRYLEE 2822 


ROCKWELL 


MAC AINE TOC GL TO. 








Ee ee ORCA a 


THIEL 132 
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CROFTS MAKE THEI 
CROFTS (ENGINEERS) LIMITEIPC 


CROFTS CROWN PIN FLEXIBLE COUPLINGS$RC 

























Fractional to 3,500 h.p. at 100 r.p.m. 


@ eminently suitable for virtually every application | 


e insulating and transmit full power in either | 





direction of rotation 





| Pu 
@ special types incorporating brake drums and/or — 574 
slipping devices; types with shear pin safeguard; i 
types combined with hydraulic couplings and with 
centrifugal clutches 
Pulitestion @ parallel-bored and keywayed or with Crofts 
5730 Patent Taper-Flushbush 
Pu 


MANY SIZES FROM STOCK 


Hydraulic 
Couplings 


and Drives 


MB Internal Gear —N1 
Flexible Couplings | Fl 


Publication 


5814 


Publication Pu 
457 } 








GROFTS (ENGINEERS) LIMITED Branches at: 


P Belfast Birmingham Bristol Cardiff Dublin Glasgow 
PUWER THANSMIiSSION ENGINEERS Ipswich Leeds Liverpool London Manchester Newcastle 


Northampton Nottingham Sheffield Stoke-on-Trent 













re y 





6 


Representation throughout the world 
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HFINEST YOU CAN BUY 
EPOWER TRANSMISSION ENGINEERS 


NG{ROFTS DISC & PERFECT FLEXIBLE COUPLINGS 



















DISC: Up to 54 h.p. at 100 r.p.m. 


ti i e@ an ideal medium power shock absorber able to accommodate 
ion Siti 
small shaft misalignment 












ther ' 
@ parallel-bored and keywayed or with Crofts Patent Taper- 
Flushbush 
Publication 
l/or 5748 
oe PERFECT: Up to 15 h.p. at 1,440 r.p.m. motor speeds 
ard; P P P P 
vith 
e ‘perfect’ for small power drives 
ofts e lightweight attractive aluminium die-castings; resilient rubber 
shock absorber for velvet smooth power transmission 
Publication 
5747 AVAILABLE FROM STOCK 
j 
year _ NTS Internal Gear Multiflex Rigid Shaft 
ings | Flexible Couplings Flexible Couplings 
Couplings 
Publication Publication all types 
y 5736 5732 made 








_ Makers of: CROFTS (ENGINEERS) LIMITED 


Slasgow 4 Clutches, Conveyor drives, Couplings of all types, Double 


® helical gear units, Fabricated steelwork, Geared motors, ) : ‘ \ n -pe 
pweastle Hydraulic couplings, ion, steel ond non-ferrous castings, t 0 Ww E R T R A N S M l S S i 0 N E N G i N t E R N) 
4 ime-cut gears of all types, Motorised rollers, Patent : oS 
n-Trent § Toper-flushbushes, Plummer blocks, Shaft-mounted gear units, Head Office: Thornbury Bradford 3 Yorkshi:s 


ial machinery drives, Spiral bevel gear units, Turbine 
ao V-rope Drives, Variable speed drives, Worm reduction 
rs, 





world 







The Institution of Production Engineers Journal 


Controlled 
Lubrication Is 
sood for you... 























. .. and certainly very good for prolonging the life of your machinery. 


The advantages of centralised systems for bearing lubrication are fully appreciated 
as an aid to production. Enots comprehensive range of lubrication equipment is 
adaptable to every industry and is indeed saving time, money and effort in the 
modern factory by reducing the number of breakdowns, eliminating costly repairs 


and adding years of service to the machine. 


Send WOW! 


Send now for these fully informative booklets 
which are free on request. Ask for them by oe 
number :— i f AND NIPPLES 
OS955. ‘‘One Shot” Lubricating System. [| 
1$952.  ‘*Benston” Lubricating System. 
LGN 254. Lubricating Guns and Nipples, and 
CF 154. Cutting Oil and Coolant Fittings. 
Leading manufacturers in the textile, printing, 
machine tool and engineering trades stan- 
dardize on ENOTS Lubricating Equipment. 





LUBRIGATING EQUIPMENT 


BENTON & STONE LTD - ASTON BROOK STREET « BIRMINGHAM 6 - ENGLAND 
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MAGNESIUM 


prophecy in metal 


magnesium will make more of lightness 













MEL can shape your future in magnesium. 
Unrivalled in their knowledge, they 

can improve fabrications, simplify production, 
raise efficiency and lower costs 

wherever lightness with great strength 


is essential. 


make more of magnesium 





ELEKTRON 











LIMITED CLIFTON JUNCTION MANCHESTER 


London Office: 5 Charles II Street St. James’s SWl 


Magnesium Elektron, Inc., New York 20, USA 





Prophecy — a sculpture in magnesium 
for MEL by Winston Clarke 
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¥ 00 YOU BUY MACHINE TOUS 7 


Gh 


BY WEIGHT? 
















BY VOLUME? 


OR BY HONEST-TO-GOODNESS FITNESS FOR PURPOSE? 


Whichever method you favour you'll find there is no better 
value in the world, to-day, than Webster and Bennett Boring 
Mills. 


Because the range is restricted to variations of a single basic 
type, production resources are rationalised, resulting in low 
manufacturing costs and therefore low prices. 


You can find evidence of their popularity in most machine 
shops concerned with the boring and turning of medium to large 
castings and forgings, and if you can conduct a short investigation 
on your own account, ask how long they have used them; how 
they like the centralised hydraulic control system; or the access- 
ibility of the unit-constructed sub-assemblies and ease of 
servicing. You'll get the answers we would like you to have. 
























& i 
—. ie } U 
ge ueecunatnena This is a standard Webster and Bennett Boring 
: = and Turning Mill with 48” dia. chuck, admitting Y 
; jobs of 53” dia., with 35” under the turret and Uy, 
24” under the cross-slide. Y; 
: Machines can be supplied with Screwcutting, Y, 
He Taper Turning, or Spherical Turning Attach- 
Es : ge . ments, or with built-in Electronic Profile 7 
Baits > @ Turning Equipment. fe Y 
Wi U; 






WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 
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Precision times nine 


99 
with the SOLEX — Bs 
MULTI-GAUGING CABINET 


F The sOLEX MULTI-GAUGING CABINET, like 
all soLEx instruments, is simple to use 
and superbly accurate. 
The MULTI-GAUGING CABINET (for checking 
crankshafts) measures 9 external dimen- 
sions and one length check simultaneously. 
The component is held in pneumatic 
centres operated by a foot pedal, allowing 
fast handling. Component tolerances 
within .00025. 
The illustrated panel gives the operator a 
clear picture of the positions of the columns. 
An automatic device tops-up the fluid in 
the air controller, thereby eliminating the 
daily topping-up usually necessary. 
The sOLEX MULTI-GAUGING CABINET is 
z another dependable instrument for in- 
creasing quality and rate of production. 


“HEU gage = 
wy) 
ddd 4 fir i 


ae 


a 






SOLEX have the measure of things 


Photographs courtesy of 


VILLIERS ENGINEERING CO LTD 


| 31 0) i op, “ 


GAUGES) LIMIFED 






SOLEX (GAUGES) LIMITED 
72 CHISWICK HIGH ROAD LONDON W4 CHIswick 4815 


J 
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HOW TO CUT COSTS 


AND PLEASE CUSTOMERS 


3M HELPED VIM... 
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Finding the RIGHT combination of 
tape and dispenser is an everyday job 
for 3M specialists. One machine 
illustrated applies printed P.V.C. tape 
to 300 VIM canister lids every minute. 


WHY AREN’T THEY HELPING US? 


RESEARCH 


PRODUCT O, 


Sc 


TRACE MARK 


OTCH 


BOY 
INDUSTRIAL TAPES 
do the job BETTER 











SEALING BUNDLING LABELLING MASKING 
PACKAGE BANDING COLOUR CODING MAKE 
READY HOLDING REINFORCING BINDING 


AND 1001 OTHER USES. 


“3M, Tom? Minnesota Mining & Manufacturing—world’s biggest 
makers of industrial tapes, among other things. It’s their ‘Scotch’ tape 
seals this New Blue Vim canister. Housewife peels it off a pre-punched 
top, sprinkles right away. Tape carries a Vim sales message, too—in a 
mighty smart new blue. 

**Here’s my point, Tom: it pleases the customer, and it saves Vim 
money. | hear 3M’s taping machinery tackles 300 tops a minute, and 
saves Vim a lot of valuable time. 

“Now, Tom: where do we come in? Yes... I know we don’t make 
Vim! But look here: 3M have tapes strong enough to tow a lorry, tapes 
that stick both sides, coloured tapes, printed tapes. What do we do 
about masking? Banding those special offers? Reinforcing cartons? 
Money’s tight now, Tom; customers are choosy. So do something, Tom! 
And put a bit of new blue vim into it—phone 3M today!’’* 


*3M’s Tape Customer Engineering Department at 
your service — without charge. Phone HUNter 5522 


Minnesota Mining and Manufacturing Company Limited, 3M House, Wigmore Street, London, W.1 
TAPE & ELECTRICAL PRODUCTS DIVISION — Telephone HUNter 5522 and Birmingham - Manchester - Glasgow 
WORLD’S LARGEST MANUFACTURERS OF COATED PRODUCTS 
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Complete Equipment for INJECTION anp 
COMPRESSION MOULDING 


AND 


VACUUM FORMING 



























EDGWICK HY FULLY-AUTOMATIC 
INJECTION MOULDING MACHINE 





DANIELS’ 250-TON LOW- 
PRESSURE PRESS 


HERBERT/REED-PRENTICE 175T. 
INJECTION MOULDING MACHINE 





Our association with T. H. & J. Daniels Ltd., Stroud, and 
Reed-Prentice, America, enables us to offer a complete range 
of equipment including :- 

Moulding and Transfer Presses for thermosetting plastics. 

Laboratory Presses. 

Presses for resin impregnated densified woods. 

Injection Moulding Machines. 

Vacuum Forming Machines. — 

Ram extruders for thermosetting plastics. 

Special Machines. 

Mould Heating Units. 

Pump Sets, Hydraulic valves and fittings. 





We can arrange for our specialist to visit your works and 
discuss any moulding problems you may have. 








DANIELS/LATYMER VACUUM 
SOLE AGENTS UNITED KINGDOM FORMING MACHINE 


soe AD.426 
HERBER LZ LTO., COVENTRY — FACTORED DIVISION, RED LANE WORKS 
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Cast for Ruston Bucyrus Ltd. j 
by whose permission the photograph is reproduced. 





cast and machined 


oS nea Rae 


for an 


important part 





This massive revolving frame is cast in steel for the 
150-RB excavator. Weighing 29 tons “ as' cast”’ it 
measures I0 ft. x 1§ ft. 6 ins. and is a normal Lloyd 
production casting. It has to stand up to the severe 
shock loadings which are developed progressively, as 
when the 150-RB bites into compacted soil or 

loose rock that is lifted in one operation. The mould } 
contained 80 cores and there were 21 feed heads. 
Co-ordinated with the casting was the machining 

process, a task well within the scope of Lloyds 

unsurpassed machine shops. The proof of a perfect 

casting lies in the machining, and it always 
operates to the advantage of the customer to allow j 
Lloyds to machine the castings they make for him. : 


Britain’s best equipped Steel Foundry L L oO Y D S 


F. H. LLOYD & CO. LTD. P.O. BOX No. 5, 
JAMES BRIDGE STEELWORKS, WEDNESBURY, STAFFS. 
TELEPHONE : JAMES BRIDGE 2401. 
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Cutting -off without 
a penny wasted! 


A Norton B9 Wheel is probably today’s fastest, most effective and economical, cutting-off tool. 
Visible evidence of its bustling capability can be seen in the healthy spark stream it generates—denoting 
speed of cut—the absence of burn, and the very minimum of burr. These outstanding qualities are the 
product of a very efficient resin bond and the unique ‘F’ sides—both Norton developments. 


. F’ SIDES The outside layers of abrasive are allowed to protrude naturally from 
the wheels, giving rough sides which promote exceptionally free, cool cutting. Such 
easy working allows harder grades to be used and this, of course, means longer life 
and, overall, a reduction in cutting-off costs. 


BS WHEELS promote 


Of course you want these savings, this ability 
course you want these savings, this ability FREER. COOLER, FASTER 


to get the work done faster. Then speak to 
your Norton or Alfred Herbert Representative CUTTING, allow the 
about Norton B9 Wheels — or write to us at use of HARDER GRADES, 
Welwyn Garden City. give LONGER LIFE 

AND LOWER COSTS! 


SCL ero hiaase NORTON GRINDING WHEEL CO. LTD. 


WELWYN GARDEN CITY, HERTS. Telephone: WELWYN GARDEN 4501 (10 lines) 
Enquiries also to: ALFRED HERBERT LTD. COVENTRY 


NORTON and BEHR-MANNING factories also in Argentina, Australia, Brazil, 
Canada, France, Germany, Italy, Northern Ireland, South Africa and U.S.A. now/es/132 
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Are you compromising between the ideal production layout, and the 
realities of moving materials and components around your works ? 
Far better to integrate the two requirements by installing a British 
MonoRail system. This permits overhead transfer at a controlled rate 
in any direction. Internal transport can therefore be fully linked with 
mechanical processes, while leaving maximum flexibility and economy 
of layout on the ground. 


Advantages worth noting o Uses ‘free space’ for conveyance and 

storage O Switches, interlocks and lifts permit movement in three 

dimensions 0 Choice of individually powered, fully automated or gravity 

drives O Can accommodate any number of items per transit O Transit 

rates from 2-150 ft./min. O Negligible operational and maintenance costs 

oO Underslung system permits unobstructed transfer between parallel 
After a survey of your plant, we produce a tracks O System can be extended as required o Any size of installation 
tailor-made plan. This and the estimate are free. oO Excellent after-sales service 


IF YOU WANT TO GET A MOVE ON 


Send for the man with the MONORAIL plan 
WAKEFIELD ROAD : BRIGHOUSE - YORKS - TELEPHONE: BRIGHOUSE 798/9 


TGA 8M2 
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KEIGHLEY 


TELEX NO. 51-123 @ TELEGRAMS: LATHES KEIGHLEY TELEX @ TEL. NO. 5261 (7 a a>) 











TRIUMPHS OF SHELL RESEARCH... 


oil after radiation 


Here was a problem of national importance. 
Lubricants were needed by the nuclear industry 
for reactor equipment, much of it subjected to 
radiation. Yet, like human beings, oils and greases 
were vulnerable to radiation. Oils darkened in 
colour and became coarse-grained solids (solidifica- 
tion being but one of a tangled skein of problems). 

The Shell Group started working on the prob- 
lems of lubricating under radiation conditions 
while most nuclear power stations were still on 
the drawing board. In fact, Shell was the first oil 
company to develop Atomic Power Lubricants, 
and the research that went into Shell A.P.L. is 
characteristic of the way Shell sets about doing 
things. A team of research workers was assembled 


The Research Story 


at Shell’s Research Centre at Thornton. Series of 
tests were carried out both in the B.E.P.O. pile 
at the U.K. Atomic Energy Authority Research 
Establishment, Harwell, and with Thornton’s owr 
Cobalt 60 source of radiation. In 1957, after four 
years of research, Britain’s first range of Atomic 
Power Lubricants was on the market. 

The moral of the A.P.L. story is that Shell 
research is supremely applicational. The Centre 
at Thornton is always ready to work with even the 
most specialised sectors of industry to produce 
the right oil for the job. If you and your organi- 
sation have any major lubrication problems, it will 
pay you to get in touch with your local distributor 
of Shell Industrial Lubricants. 








In the hundreds of complex hydrocarbons examined, very different 
reactions to radiation were observed according to the configuration of 
the atoms in the molecules. When carbon atoms were arranged in long, 
straight chains, radiation caused these chains to link up with one another, 
giving highly complex structures of an entirely different nature from the 
original material. The first effect of this change was to cause a rapid 
increase in viscosity, ultimately giving rise to a solid rubber-like product. 

For example, a high quality turbine oil conforming to BSS.489 m 
receiving a dosage of 1.77 x 10'* neutrons/cm* was changed into an oon eee 
intractable solid—a clear demonstration that radically new lubricants R ADI ATION DOSAGE 
were needed by the nuclear industry. 

Shell Atomic Power Lubricants have a molecular structure that has 
proved itself very resistant to radiation. In fact it will withstand a 
radiation dosage four million times stronger than that which will kill 
a man—without any significant change in structure or physical properties. 








VISCOSITY 





























Relationship between radiation dosage 
and percentage increase in viscosity, 
cS at 100°F. 

OilA: high molecular weight long chain 
hydrocarbon. Oi/ B: Shell A.P.L. 731. 


ATOMIC POWER LUBRICANTS 


another proof of Shell leadership in Lubrication 
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LONDON’S LEADING AND LARGEST STEEL STOCKHOLDERS 


We do not claim to supply 

armour for valiant knights but 

we do maintain 5000 tons of steel bars 
to meet the needs of modern 





industry. 
Draw your requirements from 
Britain’s largest 
stocks. A full 
range of bright drawn 
and hot rolled steel 
to all main E.N. 


@ 
a A D y specifications is 
available for 


immediate despatch. 


METAL COMPANY LIMITED For service in steel,ring TERminus 7060 (20 tines) 
Tel: TERminus 7060 | 20 lines) \ 
Telegrams: Usaspead, London, Telex 
Lelex No.2-2788 


USASPEAD CORNER PENTONVILLE ROAD 








This is an example of All- 
Welded Machine Bed Plates 
manufactured by this Com- 
pany. The photograph shows 
how well the complications 
of modern machine practice 
can be overcome by this 
modern method resulting in 
great economies. 


We can profile cut any shape in mild steel 
from }” to 6” in thickness. Our products 
are clean cut and necessitate the minimum 
of machining and finishing. They make for 
large economies in reducing the number of 
operations. Send your enquiries to:- 


Bolton Railway Wagon & lronworks Co. Ltd. 


Boon 4020 (3 lines BOLTON, Lancashire. amet aeiai 
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PRICES 





























































Finished * Blanks j 
Reamers for sizing j 
The benefit of our lower Grinding 
e ° SIZE B.S.I. Allowance 
production cost is yours. Limits || on Nominal 
+0-0307/0-040" 
The considerable demand for Wimet Sy 
Expansion Reamers has resulted in a” 64/3 47/9 
the introduction of new manufac- 2 |i" 
turing methods. These have led to — #” 4 
lower costs which are now being : bs - 
passed to you in the form of lower A az 76/ 58/ 
prices. E+|% P 
Wimet tipped tools already possess é r i 
a life many times greater than ¥ t ” 
ordinary tools and in the Expansion £ . 
Reamer this is multiplied many 2i|t Ht” 84 /- 64/6 
times over by the ability to expand zs } 
it and regrind to size. So 8” 
Delivery of all commonly used sizes th ry 
can be made from stock. Please #” 
write or ’phone your enquiries. Bie 
imp } yt | 893 | 68/3 
3” 
tien i 








—_ 


* Blanks for sizing are finished in all respects 
but left with grinding allowance for circular 
grinding and backing-off by customer. 


- 





EXPANSION REAMERS 







<P 









WIMET DIVISION, TORRINGTON AVENUE, COVENTRY 
‘Telephone : Tile Hill 66621 
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Business Financing 
and 


The Stock Exchange 


by GORDON CUMMINGS 


capital development ranging from housing to new factories, modernisation of 

existing plants and retail distribution outlets. Taking the latest National Income 
and Expenditure estimates, the total gross amount of such investment in the six years 
.1952 to 1957 was £18,704 million. Annual outlay at current prices rose year by year 
from £2,411 million in 1952 to £4,050 million last year, to be compared with the 
average of £3,117 million. . 


|: recent years, large and increasing sums have been invested in a great deal of 


three main groups 


Capital investment falls into three main groups — gross fixed capital formation 
at home; the value of physical increases in stocks and work in progress; and United 
Kingdom net investment abroad. The most interesting and significant figures are 
those of the first and third groups, and the break-down of the first group. 


Gross fixed capital formation at home during the past six years totalled no less 
than £16,380 million, of which, according to the official analysis, £11,665 million 
was attributable to persons, companies and public corporations; £1,290 million to 
the Central Government; and £3,425 million to local authorities. Whereas, however, 
annual outlay by the Government and local authorities varied not very widely from 


the averages of £215 million and £571 million, respectively, the average of £1,944 


million for the first sector went against a fairly steady rise from £1,358 million in 
1952 to £2,558 million in 1957. 


In its particular way, the third group has shown a more remarkable trend. 
Despite balance of payments problems, which have called for strong action at times 
to stop heavy drains on the gold and dollar reserves, this country has continued 
her traditional rdle of a major overseas investor. In various ways, directly and 
indirectly, Britain has been investing abroad at the rate of some £200 million a 
year. Per head of the population, she is in fact the largest overseas investor in the 
world, with over half the money representing private investment — a higher 
proportion than in the U.S.A. 


the sources of capital. 

What are the sources of all these vast sums of capital ? First, limited companies 
and public corporations provide a very large proportion themselves, from the 
amounts set aside out of trading profits for depreciation and obsolescene and net 
profits put to reserves after payment of taxation and dividends or interest on capital. 
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Second, the Central Government and local authorities also meet part of their 
capital needs out of surplus taxation, rating and other revenue in the case of trading 
activities; further sums are provided out of depreciation or sinking funds. In other 
words, part of their tax revenue is diverted to capital projects such as housing, public 
works and, in the case of the Government, to loans for the expansion and 
modernisation of the nationalised industries. 


Third, the savings of individuals, including the depreciation and _ profit 
retentions of unincorporated businesses. To a substantial, and growing, extent a 
great deal of the savings of individuals finds its way indirectly into capital investment 
through contributions to pension funds, life assurance premiums, deposits in savings 
banks, building societies, co-operative societies and other friendly or mutual 
associations, and trades unions — the surpluses of these bodies are invested in 
various forms, to a large extent in Government and similar securities; and, in many 
cases, in the stocks and shares of limited companies. 


Although the companies, corporations and Government — national and local 
— finance much of their capital development from their own “ savings ”’, they have 
to look elsewhere for the balance of their investment funds. This they do largely 
by tapping the surplus of personal savings, which today represent some 40%, of all 
saving. 


Naturally, in our complex society, as this often involves much more than the 
relatively simple “ one-man” operation of borrowing from a bank or individual, or 
raising a mortgage, there has to be efficient machinery for channelling funds from a 
multiplicity of sources to the points where it is needed. As with the distribution of 
most commodities, there has to be a market place where everyone can be brought 
together speedily and efficiently. 


an essential task 


The Capital, or New Issue, market centred in the City of London does this 
essential task. Although called a “market”, this vital part of Britain’s financial 
machinery has no market place as such. With many generations of experience on 
which to draw and unrivalled anywhere for skill, knowledge and initiative, its 
make-up is diverse and widespread. Participants, each with their essential réle and 
some of them with headquarters in the provincial cities, include finance houses, the 
merchant banks, insurance companies, trust companies, pension funds, British and 
Commonwealth banks, the Bank of England and, last but not least, the Stock 
Exchange. 


The nature of a capital issue has a direct bearing on the method of operation. 
For instance, a British Government loan or funding operation is carried through 
today almost entirely by the Bank of England and the Government Broker, with 
the Government departments participating as major subscribers — in some instances 
the entire loan is taken by the departments, which then “let it out” through the 
Stock Exchange to institutional and other investors, often at rising prices. 


Otherwise, although the Bank of England will advise on the terms and timing 
in the case of local authority, Dominion Government and other gilt-edged issues, 
the pivotal point is what is called an Issuing House, which may be a finance 
company specialising in such business, a merchant bank, one of the mining finance 
houses, a firm of stockbrokers with a new issue department of their own, or, in 
the case of very large issues, a consortium of several “ houses”. The Issuing House 
carries through all the negotiations, advises on the terms and timing, and looks 
after the routine and sometimes delicate work of setting the machinery in motion. 
The other participants provide banking, stock market, underwriting and other 
essential services. 


An Issuing House has considerable responsibilities. While its main work in the 
case of a gilt-edged issue is to arrange underwriting and contribute its experience to 
the settlement of terms, an issue by a limited company can be a much more complex 
business. The latter may be an established public company wishing to raise 
additional capital or to convert an existing issue of loan or preference capital; it 
may be the issue of capital by one company in exchange for the capital of another 
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which it is taking over or with which it is amalgamating; or it may be an offer to 
the public or a marketing of the share or loan capital of a new company or a 
company whose capital has not previously had a stock market quotation. 


Established issuing houses are very proud of their reputations and before they 
will become associated with any issue they want to be assured of its soundness. If it 
is a company with which they have already been associated, the preliminaries may 
not go further than bringing up-to-date the relevant information about the 
company’s profits, assets, prospects and management; the reason for wanting new 
capital; and deciding the size, form, terms and best time for the operation. 


When, however, the proposition concerns a private business about which 
little, or only general, information is available, much more enquiry and investigation 
are demanded. As a prelimifiary, the issuing house will want to know how long the 
business has been established, its ramifications, whether it is soundly managed, who 
controls its affairs, if it has a reasonably sure and expanding future, the reasons 
for turning it into a public company or raising new capital, and that its profits 
and assets are large enough to make a public issue feasible. 


Officially supplied information will be supplemented by enquiries amongst 
outside sources as to the reputation, trade standing, competitive position and 
management of the business. Next, experts and principals of the issuing house will 
get the “feel” of the business and its management by personal examination. 
Independent accountants then report on the profits over a lengthy period of years, 
recent balance sheets, the basis of valuing the assets and the adequacy of financial, 
stock, costing and other controls. 


When all this information has been digested, the issuing house can then make 
its proposals as to the form and terms on which a successful issue might be made. 
Economic and stock market conditions at the time have a direct bearing here. 
For instance, apart from factors such as the size and nature of the operation and 
the type of business, current conditions and public appetite for particular types of 
securities play a vital part in deciding whether the offer should be ordinary shares, 
preference shares, debentures or, a growing popular form, loan stock which can be 
converted into ordinary shares on defined terms. 


Apart from “rights” or other offers made only to shareholders of public 
companies, the mode of the operation has next to be settled. It can be a public 
issue on stated terms, with the issuing house making all the arrangements and 
underwriting it. Alternatively, it may be an “Offer for Sale”, with the issuing 
house or some other party buying the securities offered at stated prices and reselling 
to the public at higher prices, the difference covering expenses and profit. 


A third method, usually adopted where the amount involved is relatively 
small, is a “ placing”. The issuing house “ places” blocks of stock at fixed prices 
with finance houses, insurance companies, pension funds, trust companies, brokers 
and other connections. Unless there is some reason to the contrary, permission to 
deal in the stock is sought from the Council of the Stock Exchange and a market 
made. A fourth method, generally limited to comparatively small companies or 
cases where large holdings have to be dispersed to meet death duties or for family 
reasons, is the “introduction ” to the stock market of part of the company’s capital. 


publishing the prospectus 


With the exception of issues limited to existing shareholders, where a letter 
setting out the reasons for the operation and giving information as to underwriting, 
relevant contracts and so on is generally adequate to meet legal and other require- 
ments, a prospectus or similar statement has to be published. As the “ shop window ”, 
this is a most important document and, rightly, the issuing house pays particular 
and careful attention to its drafting. 


Before looking at this side of the operation, it should be pointed out that what 
can be a very difficult and shifting hurdle has to be surmounted first. Today a 
company which seeks to raise new capital exceeding £10,000 must first obtain 
Treasury permission. It must supply to the Capital Issues Committee — who act 
as the Treasury’s advisor — a great deal of information about the nature of the 
company’s business and the terms and reasons for wanting to raise new money. 
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Though it may be difficult for the outsider to understand the bases on which the 
C.1.C. formulates its opinions, the qualifying requirement is that the issue should 
be in the national interests. 


The Companies Act, 1948, lays down the information which must be given 
in a prospectus. It is extensive and thorough. Details of the company’s capital 
and the rights attaching to various issues . . . the extent and terms of the offer . . . 
the names and addresses of the directors and other officials, the auditors, bankers, 
brokers and the issuing house . . . the nature of the business and its history .. . 
recent profits and the basis of calculation . . . the assets and liabilities . . . the 
reasons for the issue . . . the directors’ view of prospects . . . the net proceeds of 
the issue . . . underwriting and other contracts . . . relevant articles of association 
such as directors’ qualifying shareholding . . . professienal valuations and reports 

. these are some of the facts which must be given. 


While the prospectus — or in the case of a placing or introduction, the 
“ statement ”, which is its equivalent — is in the draft stage, the Stock Exchange 
comes well into the picture. First, the brokers to the issue are advising on important 
matters such as market conditions and terms. Second, the Council of the London 
Stock Exchange has to have its own information requirements satisfactorily met, 
and these are even more searching than those laid down by the law. 


In addition to requiring copies of all relevant reports and contracts, the Stock 
Exchange, which delegates this valuable work to its Share and Loan Department, 
wants to know a great deal about the directors, officials and others associated with 
the company and the issuing house. With nothing taken for granted, it has its own 
records and sources of information from which to check the standing and 
qualifications of all the people concerned. Close liaison also is maintained with 
Scotland Yard’s Fraud Squad and with the various provincial stock exchanges. 


Through the brokers to the issue, the Share and Loan Department may ask 
for further information or suggest changes designed to give clearer or fuller informa- 
tion to intending investors. While not directly concerned with the prospectus, the 
directors of the company must also undertake, after a quotation has been granted, 
to notify the Stock Exchange of future dividend and profit figures and other 
information as it becomes available. 


underwriting 


Another important part of the operation often handled by the brokers is the 
underwriting of the issue. As underwriting is the guarantee which ensures that 
whatever the public response the offer will be fully subscribed, it must be placed 
in financially responsible quarters such as with insurance companies, pension funds, 
investment trusts, finance houses, merchant bankers, members of the Stock Exchange 
and carefully selected individuals. 


Underwriters, or sub-underwriters as they are often called, are paid commission 
for their “guarantee”. Depending on the nature of the issue, commission may 
range from as little as 3°/, on a first-class debenture stock to 24°/, or more on the 
price of a share offer. Although underwriting may appear to be “ money for jam” 
when an issue is over-subscribed and there is no liability, it can be the very reverse 
when it is under-subscribed. A political, international or economic crisis, or other 
adverse development flaring up unexpectedly between completion of the final 
arrangements and the opening of the subscription lists, can turn a certainty into a 
serious failure. 


The company still gets its money; but the underwriters shoulder the burden. 
And as some recent very large issues have shown, the burden can be substantial 
and call for long, careful “ nursing” before the underwriters get back the capital 
they have to lock up — sometimes at a heavy loss. For instance, not so long ago 
they were left with a very large proportion of a £29,000,000 issue of ordinary 
shares and loan stocks by Vickers, the large shipbuilding, aircraft and engineering 
group, while in April they had to take up 68°/, of a £20,000,000 New Zealand 
Government loan. 
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After an issue is completed and the Council has granted the quotation which 
is the prequisite of dealings, the Stock Exchange carries on a further major and 
continuing part of the process. It provides the market where buyers and sellers 
are swiftly brought together at fair prices. Equally, its broker members advise 
their client on investment and look after the intricate routine work of transferring 
the ownership of securities. 


A few facts show the measure of the service to national and international 
development provided by the London Stock Exchange, which, despite the hampering 
limitations imposed by the War and its aftermath, is still the world’s greatest 
international security market. 


The nominal amount of almost 10,000 different securities officially quoted 
is upwards of £30,000 million; and the market value is substantially higher. Varying 
in amount from a few thousand pounds to many hundreds of millions of pounds, 
the individual issues cover a kaleidoscopic field from Government, local authority, 
nationalised industry and other gilt-edged stocks, accounting for more than two- 
thirds of the nominal total, to the stocks and shares of a great variety of industrial, 
trading and other companies; giant international oil concerns; bank, insurance, 
financial and shipping companies; breweries and distilleries; tea and rubber 
plantations; gold, copper, tin and other mines; and other enterprise in Britain or 
spread over the free world. 


The list is constantly changing as new securities are issued or old stocks are 
redeemed or converted. Again, the changes are varied. Some of the newcomers 
represent the raising of new money in ways already described. Others are securities 
issued for assets taken over by one company from another, or an amalgamation. 
And others cover the capitalisation of reserve funds by the distribution of additional 
shares to shareholders. 


i The extent of the annual additions, together with the amounts of “ new 
money ” subscribed through the medium of the Stock Exchange, is shown by the 
following table which summarises the totals under the two general headings of 


gilt-edged and foreign Government loans; and securities issued by the companies. 


QUOTATIONS GRANTED BY THE LONDON STOCK EXCHANGE 








Year to National Amount — All Applications Cash Subscriptions 
March 24 Total Gilt-edged, etc. Companies Total Gilt-edged, etc. Companies 
£’000 £°000 £’000 £’000 £’000 £'000 
1950 1,321,927 1,068,948 252,979 194,536 77,142 117,394 
1951 1,723,607 1,439,907 283,700 730,310 549,968 180,342 
1952 1,534,027 1,193,456 340,571 1,298,007 1,108,445 189,562 
1953 1,922,423 1,542,961 379,462 792,441 677,874 114,567 
1954 2,717,148 2,189,656 527,492 1,035,631 834,235 201,396 
; 1955 2,850,930 1,914,868 936,062 766,137 493,463 272,674 
1956 2,087,712 1,388,831 699,831 1,257,407 925,634 S31, 073 
1957 2,054,381 1,317,067 737,314 824,470 539,714 284,756 








Visits to the Stock Exchange, including a lecture of about an hour’s duration, can be 
arranged to take place from Mondays to Fridays. Members of the Institution who would 
be interested in making up a party for this purpose are invited to communicate with: 
THE SECRETARY, 10 CHESTERFIELD STREET, LONDON, W.1. 











THE 1957 GEORGE BRAY MEMORIAL LECTURE 


THE FABRICATION 
OF PLASTICS 


by Dr. V. E YARSLEY, 





M.Sc., D.Sc.Tech.(Zurich), F.R.LC., F.P.1., M.I.Chem.E. 


Dr. Yarsley, who is founder and Managing Director of Dr. V. E. Yarsley (Research 
Laboratories) Ltd., and Dr. V. E. Yarsley (Plastics Testing Laboratories) Ltd., was educated 
at Queen Mary’s Grammar School, Walsall, and Birmingham University, where he graduated 
in the Honours School of Chemistry, and later Master of Science. He was awarded a 
Fellowship by the Salters’ Institute of Industrial Chemistry, which he held at the 
Eidgendssische Technische Hochschule, Ziirtch, where he graduated D.Sc.(Tech.) in 1927. 


After several years in industry in the manufacture of cellulose acetate and photographic 
base film, Dr. Yarsley commenced to practise as an independent consultant in 1931, specialising 
in cellulose ester plastics. This practice expanded along the lines of consultancy and sponsored 
research and development in high polymers and related materials; it was converted into a 
limited Company in 1951, and now has a staff of over 100. 


Dr. Yarsley has been connected with the plastics industry for 32 years, and is Vice- 
Chairman of the Trustees of the Plastics Industry Education Fund. He was President of the 
Plastics Institute, 1953-1955; Chairman of the Education Committee of the Plastics Institute, 
1935-1955; and Chairman of the Plastics and Polymer Group of the Society of Chemical 

























Industry, 1938-1940. 





He also serves on the Board of Studies in Technologies other than Engineering of the 
National Council for Technological Awards; the National Advisory Council for Education in 
Industry and Commerce; and on the Board of Governors of the National College of Rubber 
Technology, Chelsea College of Science and Technology, and Kingston Technical College. 


1. INTRODUCTION 


1.1. Terms of reference and definition 


When the Chairman of your Papers Committee 
invited me to address you on the subject of the 
Fabrication of Plastics, he informed me that it was a 
condition of this Memorial Lecture to Colonel George 
Bray that the subject chosen should be one not 
traditionally associated with engineering. I think 
that the limitative word is ‘ traditionally ’, since I am 
sure that had this limit not been applied, then the 
subject of plastics would not have been acceptable. 
as I am quite sure that there are few branches of 
technology which are today more closely associated 
with engineering than are plastics and, as I hope 
I shall show, this association is becoming closer as 
the years go by. It was for this reason that I felt 
more than the usual responsibility of a lecturer, since 
I have to speak not only for and about industry, 
but for a large number of related industries which 
have plastics as a common factor. Having such a 
wide field to cover I was careful at the outset to make 
sure that I was accurately interpreting my terms of 
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reference, since the term ‘plastics’ may refer to 
polymers as they leave the chemical factory, raw 
materials as they go into industry, and the finished 
products as they enter into almost every phase of our 
daily life. 

The Oxford Dictionary defines fabrication: “ to 
make anything that requires skill; to construct; to 
manufacture”. Quite clearly you would not be 
interested in the manufacture of the plastics them- 
selves, so I decided that my survey must be confined 
to the manufacture of the finished plastics product, 
without which our modern civilisation could not 
carry on. I propose, therefore, to give a very brief 
documentary of all the major methods whereby 
plastics are fashioned into a useful end-product, and 
I shall cover plastics in the broadest textbook sense 
as materials which at some stage in their history are 
capable of flow. I propose to consider not only the 
production of moulded and shaped units, but also of 
sheets, films and protective coating surfaces. I do 
not propose to include the fabrication of plastics 
in the form of minute endless rods which we refer to 
more usually as man-made fibres but, as you will see 
later, some of the processes I shall describe are similar 


“cc 














ee el 


a 


ee 


re a a a oe ee 





in principle to those used in fibre manufacture; the 
differences, if any really do exist, are mainly of 
degree. 


1.2. The background of plastics 

Before launching into my documentary, I think it 
will be helpful if I give you a little of the back- 
ground to the vast industries which are today 
associated with plastics in one form or another. May 
I remind you at the outset that plastics are chemicals, 
and as Dr. Warboys once said, they are fundamentally 
chemicals which are used for their physical 
properties. The production of the raw plastics is 
thus a logical part of the chemical industry, and just 
as certain as it was once that the initiative and 
enterprise of the chemical industry gave ‘birth to 
plastics, so today the increasing importance of 
plastics is extending the frontiers of chemistry and 
chemical industry beyond the wildest dreams of the 
pioneers. As we know it today, the plastics industry 
is relatively young, although we are soon approaching 
the centenary of what has aptly been styled the 
“ orand-daddy of ’em all”, celluloid, and last year 
saw the half-century of the pioneer work of 
Baekeland, which was destined to change the 
classical concept of organic chemistry, and found 
industrial use for the ‘in-between products’, the 
sticky masses which had been so long rejected by 
organic chemists as being neither pure liquids nor 
truly crystalline. Suggesting the use of these materials 
to his Board of Directors, Baekeland is reported as 
saying that they could find possible use in 27 
different industries. Today, it would certainly be 
difficult to find 27 industries the world over in which 
one or other of the vast family of plastics is not 
used. 

Like the products based on natural materials, such 
as cellulose and casein, these products of chemical 
synthesis were at first regarded as isolated com- 
positions having no definite family relationship, and 
having some vague possibility of meeting isolated 
needs, failing the availability of the conventional 
materials of construction, wood, metals, and ceramics. 
For many years after the study of polymeric 
materials became really serious, following World 
War I, it is evident from the literature and from 
one’s personal contact with the field, that very few 
people recognised that the celluloid of Parkes and 
Hyatt, the casein of Adolf Spitler, the phenol 
formaldehyde condensation products of Baekeland, 
and the urea formaldehyde products of Pollak, had 
any significant common factor. This was recognised 
in the 20’s, and during this period for the first time 
the word ‘ plastics’ began to appear in technological 
indexes. It was not unnatural that once the basic 
principle was recognised, what may well be described 
as the Baekeland cult soon caught on, and the pro- 
duction of resin-like materials or synthetic 
“resinoids”, as they were widely called, became 
a popular chemical hobby. This was the day of 
empirical thinking and even more empirical pro- 
duction, the days of what I would call “ cook-it-and- 
see’, and the degree of uncertainty of the time is, 
I think, amply shown in the handbill put out by the 


Borough Polytechnic, London, in 1930, advertising 
what I believe I can say was the world’s first course 
of plastics technology as a course of lectures on 
“Synthetic Resins, Moulding Powders and Plastic 
Materials ”’. 

Empirical thought and action was not without its 
reward, and in spite of many dismal failures on the 
production scale and the sad end to many dreams of 
quick and rich manufacturing projects, solid progress 
was made in the inter-War period. The appreciation 
that these plastics materials, both natural and purely 
synthetic, had the common factor of a long chain 
structure, resulted in the extended search for 
materials having a giant molecule (by comparison 
with the small and precise molecules of inorganic 
compounds). This, in turn, following the work of 
Carothers and the Du Pont school on the polyamides, 
showed that the chains could be “ tailored” to give 
products with predictable properties, and indeed 
that the physical properties of the end-products could 
be changed at will by the in-building of certain 
chemical groupings. 

The whole picture was changed by the advent of 
World War II, which ushered in a period when the 
conventional materials of construction were con- 
sumed at an unprecedented rate by all the belligerent 
nations. Not only was the need for more materials, 
but materials which had new and quite revolutionary 
properties, materials such as polythene, for example, 
which alone could, and did, make radar possible. 
Prior to the War plastics, if anything at all, had 
been in the nature of a disembodied spirit; the War 
gave it the body corporate and laid the foundations 
for new and in some cases quite surprising 
advances, so that the chemical industries of the 
world turned their attention from explosives, dye- 
stuffs, and pharmaceuticals to the materials of giant 
molecules soon to be known as high-polymers. New 
names crept into our technical dictionaries, which 
indicated that many units of vinyl, styrene or 
ethylene had been built into one in polyvinyl, poly- 
styrene or polyethylene, and the engineers were not 
a little puzzled by chemists’ ‘ poly’ jargon. 

As may be imagined, this was not a period of 
unmixed joy for either the maker or user of plastics. 
Indeed the post-War years, particularly in this 
country, constituted what may be the darkest days in 
the history of the new industry. What actually 
happened was that we were trying to run before we 
could walk and in many cases with half-knowledge 
of the processes involved, and frequently with in- 
ferior raw materials (and these in short supply). 
Products of inferior quality were put out onto a 
market which, in Britain at any rate, for six years of 
War had been starved of consumer goods. The result 
was for a time near-disastrous, but it is a tribute to 
the faith that manufacturers had in the intrinsic 
merit of their products, that in this country par- 
ticularly, they persevered in the face of considerable 
sales resistance. both from industrial and domestic 
users. From being the near-miracle materials of 
War-time, plastics rapidly fell into disfavour, to such 
an extent that one encountered sales notices, such 
as that in a Norfolk shop window, “this article is 
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genuine wood, not plastic”. It was not easy to 
convince the user whose raincoat had torn in first 
use, or whose tea cup split after a few washings, 
that the material was really quite good, but that some 
fault in fabrication had unfortunately impaired its 
functionality : it was not easy, but it was in fact 
accomplished. In Britain the problem was much 
more serious than in America, for example, where a 
material or end-product is given a ready trial simply 
because it is new. After a decade of intensive effort 
it is fair to say that plastics stand in high regard 
the world over and, what is more, they are now 
regarded as materials which can enhance the 
functionality of conventional materials of construc- 
tion, and indeed can function alone for purposes for 
which conventional materials would be totally unsuit- 
able. This near-miracle has been accomplished not 
only by producing plastics materials of improved 
quality, but also by improving their methods of 
fabrication: it has been proved, in fact, that it is 
essential to design in and for plastics. Just how 
this has been accomplished I hope to show later, and 
I hope I can also show that in this particular plastics 
differ to some extent from the conventional materials, 
which are in the main and basically natural products. 
Before I do this, I think it would be desirable to give 
a brief documentation of the current methods applied 
in the fabrication of plastics products. As I have 
already indicated, I shall treat this quite broadly 
and shall deal not only with the methods for the 
manipulation of solid plastics in powder, sheet or rod 
form, but also of solutions, emulsions, melts and 
syrups. To guide your further reading I also propose 
to give selected references to available literature. 


2. CURRENT METHODS OF FABRICATION 
OF PLASTICS PRODUCTS 


2.1. Moulding methods 


It is fairly safe to say that the most logical way of 
forming a granular material into a solid end-product 
is by the process conventionally known as moulding. 
This indeed was a process in which most of us 
attained some degree of perfection when, with bucket 
and spade, we formed sand castles on the sea shore : 
the only difference was that we applied limited 
pressure and we depended on the cohesive action of 
water to hold the sand particles together. It is not 
surprising, therefore, that as finely divided solid 
materials were made available commercially, 
attempts were made to agglomerate or mould them 
into solid bodies by the application of pressure with 
or without heat, according to the nature of the 
material in question. Great proficiency was early 
attained in this art, as is evidenced by the remarkable 
mouldings of decorative inkstands and trinkets in 
gutta percha (the thermoplastic material which pre- 
dated even celluloid) which are more than 100 years 
old, and which are to be found in the museum of 
the Telegraph Construction and Maintenance 
Company at Greenwich. 

Yet, strangely enough, it was not the desire to 
form mouldings which mainly fired the enthusiasm 
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of the pioneers, but rather the desire to produce a 
‘* synthetic shellac’, which could be used to impreg- 
nate paper to form insulating materials for the 
electrical industry and thus do more efficiently what 
shellac had already done. Once the pioneers had 
produced such synthetic resins, such as those of 
Baekelands p.f. type, the possibilities of moulding 
attracted attention, and much of the popularity 
of the new industry in the 20’s stemmed from the 
success in producing moulded end-products. With 
the passage of years, the centre of gravity of the 
industry has moved further and further away from 
the moulding shop, until today moulding is but a 
part (albeit still by no means a small part) of the 
vast industries associated with the fabrication of 
plastics. Early adventures in moulding also owe much 
of their success to the thermosetting nature of the 
compositions used, and more particularly to the fact 
that the actual operation of forming the solid unit 
also converted the material from the soluble, fusible 
state, into the non-fusible, insoluble or thermoset 
state. Thus it was that the few years which followed 
the advent of the thermosetting compositions saw 
more progress in the moulding art than had been 
made in the decades in which thermoplastic materials, 
such as those based on cellulose esters, had been 
known. Once the potentialities of moulding had been 
explored, progress was rapid, and it required but 
a relatively few years to make possible the com- 
mercial moulding of thermoplastic and thermosetting 
materials alike, and indeed of those difficult materials, 
such as p.t.f.e., which had to be moulded into shape 
by cold compression and subsequently ‘ sintered ’ into 
the final uniform solid form by the application of 
heat. 


Pioneer moulding methods followed the obvious 
pattern, the bucket and spade method, in fact, in 
which the powdered composition was passed into the 
mould and the shaped article was formed and 
finished (cured) therein by the application of heat 
and pressure. This became known as compression 
moulding, and it was applied most economically to 
thermosetting products which could be ejected solid 
and hot from the mould. Once a practical moulding 
technique had thus been established, it was not a 
great step to extend this to handle thermoplastics, 
and in the late 20’s a process was developed by 
Eichengruen in Germany which involved the fluxing 
or fluidising of the composition external to the mould, 
and subsequently injecting this while hot into the 
cooled mould cavity. The moulded article solidified 
on cooling and was readily ejected cold and rigid 
from the mould into the process we know today as 
injection moulding. Lecturing on this subject 25 
years ago, I stated quite categorically that com- 
pression moulding was the process for the production 
of large mouldings (and in those days we attempted 
bedstead ends and coffins), whilst injection moulding 
was particularly suitable for the moulding of thermo- 
plastics and the production of tooth paste tube tops, 
small knobs and such-like diminutive units. That, of 
course, was before the days of polythene, when the 
injection of baths and bins weighing several pounds 
such as we know today was beyond the dreams of 














Fig. 2. Compression moulding press (250 tons) specially 
adapted for the moulding of reinforced plastics materials. 
(Courtesy of T. H. & J. Daniels Ltd.) 








Fig. 1 (right). Simple upstroking compression moulding press. 
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possibility. It is fair to say that the advent of the 
‘poly’ twins, polythene and polystyrene, gave a new 
zest to injection moulding, and accounts for the fact 
that today even in large mouldings (or one may 
almost say particularly in large mouldings) injection 
is stealing the market and more and more com- 
pression shops are standing idle in consequence. 


2.1.1. Compression moulding 

Compression moulding is the conventional and 
most widely-used method of forming thermosetting 
moulding materials. While thermoplastic materials 
can be moulded by this method, it is not commonly 
employed except for articles which are too large 
to be produced on the injection-moulding machines 
available. The importance of compression moulding 
as an industrial operation has grown with the thermo- 
setting plastics industry, which may be considered 
to have started with Baekeland’s work on phenolic 
moulding powders. 

The main equipment required for compression 
moulding comprises a press, fitted with heated 
platens, and a mould. The press can range from 
the hand-operated laboratory model, of 10 to 100 
tons capacity, to the hydraulically-operated industrial 
production unit, which is usually of the order of 250 
to 500 tons capacity, but may be as high as 3,000 
tons. The hydraulic press may be self-contained, that 
is, with its pressure-developing unit built into its 
structure; alternatively, when several presses are in 
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use, they may be coupled to a common pressure line 
fed by a large central pumping unit and pressure 
accumulator system. 

Compression moulds should be made _ from 
hardenediigh-grade steels. The moulding surfaces 
should have a highly polished finish, since this deter- 
mines the gloss and surface appearance which can 
be obtained in the moulded article. Chromium- 
plating can be used to advantage in some applications. 
Moulds can be divided into three main groups : 

(a) hand moulds ; 

(b) semi-automatic ; and 

(c) fully automatic. 

Hand moulds are not fixed to the press platens, but 
are removed manually from the press at the end of 
each moulding cycle; the mould is taken apart to 
release the moulded article, reassembled and reloaded 
for the next moulding cycle. Semi-automatic moulds 
are firmly bolted to the platens of the press, and the 
moulded .article is ejected from the mould by opera- 
tion of the press. Loading of semi-automatic moulds 
is done by hand. In fully-automatic systems, the 
whole moulding cycle, including loading and un- 
loading, is carried out automatically. 

Most compression moulding on a production scale 
utilises the semi-automatic type of equipment and 
the mould often contains several cavities, enabling 
several articles to be produced in a single moulding 
cycle. The limiting factor governing the size and 
number of articles produced per moulding cycle are 
the capacity of the press, that is, the maximum 
pressure it can develop, and the area of the platens. 

In carrying out the compression moulding opera- 
tion, the thermosetting moulding material is loaded 
into the hot mould and the press is then closed and 
pressure applied, which forces the material into the 
shape of the mould cavity. At the same time, the 
heat of the mould causes the chemical reactions 
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which lead to hardening to take place. After a pre- 
determined time, which is dependent upon the 
thickness of the moulded article, the pressure is 
released and the article ejected. Pressing times range 
from 30 seconds for small articles to several minutes 
for large, heavy articles. With some types of material, 
especially the urea-formaldehyde type, it is 
advantageous to release the pressure momentarily 
at an early stage of the pressing operation, and then 
re-apply the full moulding pressure. This technique, 
known as “breathing the mould”, assists the 
removal of volatile products which might cause 
porosity. 

The moulding material itself is usually supplied 
in a coarsely granulated form, and it is often the 
practice to convert it into pelleted form before 
moulding. With large articles it is customary to make 
a preform which is of similar shape to the article 
being moulded, Both pelleting and preforming are 
carried out by pressing the material, while cold, 
under a very high pressure and they assist the 
moulding operation by removing entrapped air from 
the granulated material and generally give an easier 
flow in the mould. Very often the moulding material, 
in granulated, pelleted or preformed state, is pre- 
heated before loading into the mould. Preheating 
may be done either in simple convection ovens, or, 
preferably, in a radio-frequency field. The purpose 
of preheating is to improve the flow of the material 
in the mould and to obtain a more even and more 
complete cure (see Figs. 1 - 3). 


Cold moulding 


Cold moulding is a particular application of com- 
pression moulding in which the plastics composition is 
formed by compression in a cold mould under 
pressures ranging from 4 to 5 tons per sq. in., after 
which the shaped article is transferred to an oven 








Fig. 3. General view of layout of a typical compression 
moulding shop, showing presses in line with changing and 
deflashing tables conveniently arranged for the operator at 
each press. 

(Courtesy of British Industrial Plastics Ltd.) 
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and baked to harden it. Probably the most important 
application of cold moulding is in the abrasive 
industry, where abrasive grains are bonded together 
either by phenolic resins or by ceramic binders. A 
certain amount of cold moulding is also used to 
produce articles for the electrical industry, in which 
applications the binders used are usually bituminous 
in nature. A further application is the production 
of foundry cores and moulds in which sand is bonded 
with drying oils (or more recently, urea resins). 

The particular advantages of cold moulding 

are: 

1. A high rate of production is possible, since the 
time in the press is very short, only just 
sufficient to form the article. 

2. Articles of very thick section can be produced 
with little more difficulty than small articles. 
This is of particular importance in the manu- 
facture of grinding wheels, which are often 
produced in thicknesses of more than 6 in. To 
cure an article of such thickness in a hot press 
would be quite uneconomic because of the long 
moulding time which would be required. 

The disadvantages of cold moulding may be 

summarised as : 

1. The surface finish is invariably inferior in 
appearance when compared with hot moulded 
articles. This is of no importance in the 
abrasive and foundry applications and only of 
very slight importance in electrical mouldings, 
since these are, in the main, intended for 
utilitarian and not decorative purposes. 

2. Very often a machining operation is needed 
to finish the moulded articles to the exact 
dimensions required. This adds to the cost of 
the articles. 

3, Difficulties with warping are sometimes en- 
countered with thin-walled sections. This can 
often be’ prevented by small changes in design. 


2.1.2. Transfer moulding 

For intricate articles, perhaps having undercuts, 
small moulded holes or delicate inserts. the normal 
compression moulding operation is unsuitable. In 
such cases, the technique known as transfer moulding 
or plunger moulding can often be used. The 
characteristic feature of transfer moulding is that 
the thermosetting moulding material is softened by 
heating in a chamber separate from the actual mould 
cavity, but connected to it by one or more channels. 
When hot and in the plastic state, the material is 
forced by means of a plunger through the channels 
into the mould cavity where hardening is completed. 
The process thus has some points of resemblance to 
the injection moulding process for forming thermo- 
plastic materials. 

In the United Kingdom down-stroking presses are 
most widely used for transfer moulding, but up- 
stroking presses can be used and are more common 
in America. The process of transfer moulding, which 
was invented in 1926 by the Shaw Insulator Co. of 
New Jersey, was greatly helped by the introduction 
of preheating techniques, especially that of radio- 
frequency preheating. By this means, the speed of 


transfer from the “ transfer pot ” to the mould cavity 
can be considerably increased, and lower pressures 
are needed. Further, the degree and uniformity of 
cure can be improved. The earlier products of 
transfer moulding tended to be less rigid on ejection 
from the mould than products formed by conven- 
tional compression moulding, but the development 
of materials specially formulated for transfer 
moulding has led to a great improvement in this 
respect. 

As compared with compression moulding, transfer 
moulding usually allows a shorter moulding cycle and 
permits closer tolerances to be maintained. Other 
advantages are that mould costs can often be reduced 
and finishing costs are almost invariably lower. A 
disadvantage is that a certain amount of material 
is lost in each moulding cycle because of the residues 
left in the transfer chamber and filling the channels 
between the chamber and mould cavity. Being fully 
hardened, this material cannot be reworked in the 
way that thermoplastic scrap can be recovered. A 
further disadvantage is that materials containing 
fibrous fillers, designed to have an improved impact 
strength, often suffer some loss in strength when 
transfer moulded. For general purpose materials 
which use wood-flour as a filler, no significant loss of 
mechanical strength is noted. 


2.1.3. Injection moulding 


Injection moulding is the fastest and the most 
widely used of the plastics fabrication processes, and 
nearly all the thermoplastic materials can be injection 
moulded. Although so simple in principle, the 
process is in fact most complex and to produce top 
quality articles careful mould design, sound know- 
ledge of machine operation and maintenance and 
experience with the actual process are essential 
requirements. The process is dependent upon the 
peculiar properties of thermoplastics materials which 
can be softened by heat to a high viscosity condition 
in which they can be forced to flow under pressure 
to take up whatever shape is required. 

The injection moulding process consists of several 
distinct steps which are very briefly as follows : 

1. A measured amount of thermoplastics material 

is metered into the injection cylinder. 

2. A plunger forces this material forward through 
the injection cylinder, where it is heated to the 
required temperature and is transformed to the 
(high viscosity) molten state. 

3. Molten material is forced forward by the 
plunger into a closed mould cavity, which it 
fills completely. 

4. The thermoplastics material is here cooled so 
that it returns rapidly to the solid state, at 
which point the mould is opened and the solid 
moulded unit is ejected. 


To obtain efficient and economical operation of 
the process there must be a compromise between con- 
flicting requirements. For economy of operation the 
heating/cooling must be as short as possible, but 
the material will only flow satisfactorily within a 
relatively narrow temperature range, most materials 
being degraded chemically should the temperature 
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rise too high. The heated material is injected into a 
relatively cold mould which chills the surface of the 
charge as it advances into the mould cavity, 
restricting or stopping completely the flow of the 
surface material. This immediately places restrictions 
upon the thickness range that can be moulded, so 
that special techniques are required to produce thin 
sections (below 25 thou.) and thick sections (above 
4 in.). As the density of plastics materials changes 
under the influence of heat and of pressure, a 
sequence of volume changes occurs in the injection 
moulding process. Polystyrene, for example, is com- 
pressible to the extent of 6.8°/, at 450°F and 16,000 
p.s.i. pressure, whilst one cubic inch of polystyrene 
at room temperature will expand to 1.09 cubic inches 
on heating it to 450°F.1 

To stress the complexity of the process, and to 
stress one aspect of the close attention the fabrication 
of plastics must have as compared with conventional 
metals, it is helpful to consider in detail the volume 
changes which take place. Envisage an empty mould 
of 1 cubic inch in volume, and a cylinder at room 
temperature containing 1 cubic inch of polystyrene. 
If the polystyrene is heated to 450°F without the 
application of pressure, the volume increases to 1.09 
cubic inches. The application of 12.000 p.s.i. pressure 
applied to move the polystyrene from the injection 
cylinder into the mould, reduces the volume to 1.034 
cubic inches, of which, of course, only 1.0 cubic inch 
will enter the mould cavity, leaving 0.034 cubic inches 
remaining in the injection cylinder. The material in 
the gate (the part between cylinder and mould) 
freezes so that the polystyrene cannot move into or 
out of the mould cavity. Then the polystyrene in the 
mould is cooled to room temperature. The 1 cubic 
inch of polystyrene shrinks at room temperature and 
zero pressure to occupy a volume of only 0.97 cubic 
inches. The difference between the volume of the 
moulded piece and that of the mould cavity at room 
temperature is the ‘mould shrinkage’. If the 
moulding has cooled in a perfectly uniform manner 
the cube would be a perfect image of the cavity, 
only smaller in each linear dimension by about 
0.010 in. Uniform cooling is not easy to obtain and, 
therefore, each linear dimension may differ. The 
injection pressure may be increased to force a greater 
weight of material into the cavity so that there is 
less mould shrinkage, but it then becomes more 
difficult to open the mould. 

The process is further complicated by the varying 
physical state of the material between the feed and 
delivery ends of the cylinder. A considerable pressure 
drop occurs as the cold plastics material is pushed 
through the heating cylinder and becomes warmer 
until it is plasticised sufficiently for fluid flow, largely 
because of the friction of the cold granules against 
the sides of the heating cylinder. It is important to 
conserve the pressure within the heating cylinder so 
that the material may be transferred to the mould 
at high velocity when the plunger is brought forward. 
Much thought has been given to the design of the 
nozzles and sprues to allow rapid filling of the mould 
cavity without pressure loss, while the introduction 
of pre-plasticising units, which ensure that the 
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moulding material is heated sufficiently to bring it 
to molten condition before it is fed into the injection 
cylinder, has helped considerably in this regard. 

The operation of filling the mould should be 
followed as soon as possible by freezing at the gate 
to prevent the material from flowing backwards once 
the injection plunger has been withdrawn. Whilst the 
premature removal of the injection plunger pressure 
will cause the moulding to have sink marks or 
vacuum bubbles, a sign of excessive or uneven mould 
shrinkage, too long a plunger dwell time may lead to 
sticking, warping, crazing and cracking. Once the 
mould cavity is initially filled with polystyrene, about 
7°, more may still be packed in. Prolonged packing 
of the moulding material into the mould can result 
in high residual pressure in the cavity after the 
moulding has solidified. The residual pressure multi- 
plied by the co-efficient of friction between plastic 
and mould (the co-efficient of friction between clean 
steel walls and polystyrene is about 0.1), times the 
area of side walls of the moulding, is the total force 
required to slide the moulding past the walls as the 
mould is opened. Too much residual pressure can 
cause a mould to stick shut, simply because the mould 
opening device has not the force required to over- 
come the friction between the moulding and the 
walls. A mould may stick shut momentarily and then 
suddenly open without any apparent reason after the 
pressure has decayed sufficiently to reduce the resi- 
dual pressure. 

The use of a restricted (or ‘ pin-point ’) gate allows 
the plastics material in it to cool and solidify quickly, 
so that the plunger may be withdrawn early in the 
cycle before packing has occurred. Various 
mechanical devices have been developed to seal the 
mould as soon as the filling stage has been completed. 
For certain applications a mechanical cut-off device 
functions better than a restricted gate, because sealing 
occurs immediately upon withdrawal of the plunger. 
Mechanical cut-offs have been used with success on 
thick section mouldings to produce mouldings having 
higher heat distortion temperatures, indicating less 
residual strain in the moulding. 

It is necessary to control the flow of the material 
in the mould cavity in order to produce high quality 
injection mouldings. Except with some restricted 
gates, the gate should be located at the thick section 
of the mould but when restricted gates open into 
thick section cavities, jetting often occurs because the 
velocity of the plastic is too high. Under these 
conditions the moulding material cannot form a 
chilled, even-flowing front and unsightly weld lines, 
which are also points of weakness, may be seen in 
the product. The thickness of the wall section is of 
considerable importance in controlling the flow in a 
mould cavity. In large flat area pieces, the plastic 
naturally prefers to flow to any sections having 
slightly greater thickness. The mould wall should be 
uniformly thick within 0.004 in. or less in a given 
cavity, and of the same thickness from one cavity to 
another in a multiple cavity mould. One thin-walled 
cavity in a mould can demand so much pressure 
for filling, that the moulding may stick in a neigh- 
bouring perfect cavity. Mould temperature is also a 
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Fig. 4. Injection moulding — diagrammatic 
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factor of significance. Hotter mould surfaces help 
the flow in a thin section much more than they help 
it in a thick rim. Good mould temperature control 
comes from having a large amount of heat exchange 
fluid, at the temperature within 5°F- 10°F of the 
desired mould temperature, circulating through 
channels in the mould itself. 

On multiple cavity moulds it is extremely 
important to balance the size of the gates, so that all 
cavities fill uniformly and simultaneously. It is 
particularly important when restricted or pin-point 
gating is employed in a mould construction, because 
if the flow through a restricted gate ceases 
momentarily the gate may freeze, making it 
impossible to start the material flowing again.2 

The many factors which affect the control injec- 
tion moulding operations that have been discussed 
are, fortunately, ones over which control is possible. 
Many of these individual functions are relatively 
simple, but their inter-relation with others adds con- 
siderable complexity. There is one complicating 
factor over which complete control is not yet possible; 
that factor is the fluidity of the plastics materials. 
During the moulding cycle, the material exists in 
both a solid state and in a comparatively fluid state, 
with varying intermediate degrees of fluidity. Funda- 









Fig. 5. 
A typical modern injection 
moulding machine. 


(Courtesy of 
R. H. Windsor Ltd.) 


mental studies have led to a measure of control over 
the process which now makes it feasible to produce 
expendable containers with wall thicknesses of 15 to 
25/1,000ths of an inch. But as the trend to thinner 
sectioned mouldings and to more rapid automatic 
cycles has continued, the demand has been to control 
more closely the pressure drop in the cylinder. To 
this end, weigh feeding has been introduced and 
developed so as to maintain constant the plug of 
unheated granules immediately ahead of the plunger. 

A further step in the same direction has been the 
development of pressure control from either nozzle or 
die, from which method a degree of control even 
beyond that of weigh feeding, has been claimed. 
A pressure measuring head fitted to either the die or 
nozzle controls a relief valve in the hydraulic 
pumping system and can make allowances for 
changes in the material viscosity 3 (see Figs. 4 and 5). 


2.1.4. Extrusion moulding 

The extrusion operation consists of forcing the 
molten material through an orifice to obtain a desired 
shape and cross-section, and can be readily applied 
to all thermoplastic moulding materials. The product 
is of continuous long length and of uniform cross- 
section, and is thus differentiated from moulded 
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Fig. 6. Diagrammatic representation of a single screw extrusion machine showing the passage 
of the granulated thermoplastic composition from the hopper through the heating zone and die, 
and thence on to the take-off table. 


products, which are usually complex, discontinuous 
shapes. Extrusion has steadily gained popularity in 
recent years and today extruded products range from 
doll’s hair to chemically resistant pipe, from film for 
packaging to wire coverings. 

The plastics extruder operates on a_ simple 
principle which is illustrated diagrammatically in 
Fig. 6. A screw rotates in a closely fitted cylinder, 
jacketed for supplying the necessary heat. Plastics 
material is fed in one end of the screw and forced 
by its action through the heating zone and finally 
through a die. The key to successful extrusion is 
sufficient intermixing of the molten materials to 
ensure uniform heating to the proper temperature as 
it leaves the extruder orifice. The extruder should be 
of sufficient length to accommodate at least three 
independent heating zones. The hopper zone should 
be kept below the softening point of the material, 
while in the following zones the temperature is 







gradually increased and the material compressed. In 
many extrusion machines, screens or breaker plates 
are placed in the path of the plastics between the 
screw and the die with a threefold purpose. 
Firstly, they prevent foreign material from reaching 
and damaging the die; secondly, they help to change 
any helical flow to straight line flow before the 
material enters the die; and finally, they increase the 
back pressure. A modern extrusion machine is 
illustrated in Fig. 7. 

As compared with dies used for injection or 
compression moulding, those for extrusion dies are 
relatively simple and inexpensive. Some die assemblies 
extrude straight through along the axis of the screw, 
while others are of the cross-head type which extrude 
at right-angles to the screw axis. Extrusion dies to 
produce complicated shapes cannot be designed on 
the basis of theoretical considerations, but are worked 
out as the result of experience and trial and error. 


Fig. 7. A modern extrusion machine. 


(Courtesy of 
Projectile and Engineering Co. Ltd.) 
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In general, to ensure good flow characteristics, die 
surfaces should be well finished. The die opening is 
usually larger than the desired extruded product, so 
that a small amount of pull-down can bring the 
section to the finished size. This gives improved size 
control and higher production rates. 

Various conveying systems are in use to hold the 
extruded plastic section in shape while it cools. 
Cooling may be accomplished just by convection in 
air, by forced air jets, or by running through water 
troughs. Proper design of such take-off and cut-off 
equipment can greatly extend the useful range of 
sizes which may be made with extrusion equipment. 

Since polystyrene granules with an apparent 
density of 0.55 must be compressed 1.9 times to reach 
the finished density of 1.05, a screw with a com- 
pression ratio of at least 2 is required to give good 
results. This compression may be obtained either by 
decreasing the screw pitch or by increasing the root 
diameter, or by a combination of both. The 
decreasing pitch screw has less tendency to pulsate 
and the pressure transmission is somewhat better. 
while an increasing root diameter screw allows better 
heating through thin plastic sections, although the 
material has a shorter path to travel than in a 
variable pitch type. The increasing root diameter 
type is recommended for the extrusion of polythene.4 
It is important to shape the flights so that the 
material is forwarded axially rather than forced 
radially away from this group towards the cylinder 
wall. The material should be heated to a progressively 
increasing temperature as it moves along the screw, 
otherwise it may become stationary in the flights, 
refusing to move forward. 

The flow of material in an extruder is made up 
of three processes : 


1. Drag flow caused by the rotation of the screw 
within the cylinder; 
2. Back flow through the screw channel as a 
pressure build-up occurs at the die head; and 
3. Leak flow across the flight of the screw. 
The last is a small item when screw and cylinder 
are close fitting and is usually neglected in simplified 
discussions. For the melt zone the basic equation 


becomes: Q = «N- &) 
a and § are respectively forward and back flow 
constants, which depend only on _ the _ screw 
dimensions; N is the screw speed and P is the pressure 
developed at the die; n is the viscosity of the 
material. The equation predicts, for example, that the 
back flow will be reduced and output increased by 
using a material with higher viscosity while con- 
sideration of the nature of the constant « and B 
leads to the conclusion that the screw design should 
be tailored to the die requirements. The approximate 
theory of the flow of material through dies, which 
can be applied only to certain geometrical shapes, 
enables the necessary flow rates to be determined as a 
function of pressure build-up and the screw 
characteristics.5 

The hit-and-miss methods so prevalent in the past 
in extrusion work are being less widely used as an 


P in which Q is the output; 





increased understanding of the process is disseminated 
and extended. Examples are the attention being given 
to the use of a valve between the screw and die 
head to control back pressure, and the use of a 
rotating valve to interrupt the extruder output in such 
a way as to provide a method of moulding small 
articles.6 These serve to illustrate the advances that 
will accrue in the near future from the experimental 
and theoretical work of the last few years. To date, 
theoretical attention has been given to metering type 
screws in which the last three or four flights have 
constant depth, because in such cases not only is the 
theoretical approach simpler but also practical 
improvements, such as increased uniformity of output, 
occur from using such a screw. (Introduced initially 
for use with nylon, where they have been shown to be 
advantageous, metering type screws are now in use 
for most extrusion materials.) The rear end of the 
extruder screw which compresses unmelted granules, 
or the central melting zone, have not proved so 
amenable to theoretical treatment, but progress has 
been made in understanding the plug flow which 
occurs at the feed end. 

The mechanical work done on the plastics material 
by the screw can generate considerable frictional heat 
which the heating medium must be able to absorb 
and carry away. Oil and steam work well in this 
regard, but not an electrical heating system. Con- 
sequently, it is necessary that a cooling and tem- 
perature control medium be used in conjunction with 
an electrically heated cylinder. In modern designs 
the cylinder is channelled for passage of air, low 
pressure steam, water or oil. In recent years there has 
been some development of adiabatic (or ‘autogenous’) 
extrusion, in which only work heat is used once the 
extrusion machine has been brought into equilibrium. 
The process has aroused considerable interest as well 
as severe critical comments, on the grounds that for 
any particular die only one screw speed will generate 
the necessary material temperature via work heat and 
so the extruder conditions would be too narrow. It is 
claimed, however, that a natural controlled balance 
of temperature is achieved in contrast to the hunting 
that occurs with the conventional heater-thermo- 
couple controller arrangement. It is suggested that 
autogenous working can eliminate the need for most 
of the special temperature control equipment.7 

A large proportion of extrusion equipment is 
devoted to the production of thin sheet either for 
packaging or vacuum forming. Blown polythene film 
is produced by extruding a thick tubular section 
vertically upwards and introducing air into the tube 
to expand it to the desired diameter and wall thick- 
ness. Air is maintained in the tube by the closed 
die at one end and motor driven squeeze rolls at the 
other. It is of the utmost importance that the wall 
thickness of the tube be uniform to ensure wrinkle- 
free film and even winding on to the reel. The 
internal air pressure, extruder output, die adjustment, 
take-off speed and material temperature, are factors 
which control the gauge of the film. When the 
extrusion of blown polythene film is started the tube, 
as it issues from the die, is drawn manually to the 
pinch rolls which take it off at a uniform rate. Air 
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is then admitted slowly through the centre of the 
mandrel to expand the tube to the desired diameter. 
The air supply is then shut off, leaving a locked 
volume of air within the tube. For vacuum-forming 
toughened polystyrene sheet is made by extrusion in 
ever-increasing quantities, in a thickness range of 
about 20-180 thousandths. The output from a large 
slit die, up to about 4ft. wide, is fed to a set of 
cooling rolls where, if required, a thin polystyrene 
foil is laminated on to it to give a high gloss finish. 
After passing through haul-off rolls the material can 
be cut into predetermined sheet sizes by the operation 
of a guillotine by photoelectric cell control, or wound 
up into rolls.8 

As higher production outputs are demanded, 
another extrusion phenomenon, in addition to work 
heat build-up, has been encountered, namely, the 
development of surface roughness on the extrudate. 
Previously the appearance of surface roughness, when 
the shear stress reached a critical value, had been 
explained in terms of orientation. More recently, 
however, this has been shown to be caused by a 
break-up of the flow in the die approach at shear 
stresses above a critical value. An increase in the 
material temperature, or the use of a resin of lower 
viscosity, increases the output of smooth extrudate. 


2.2. The production of sheet plastics 

Just as it had been logical to mould comminuted 
plastics powders into solid units, so there was ample 
precedent for converting these materials into sheet 
form, the idea being, of course, that these might be 
used much as had metals and woods from time im- 
memorial. This having been conceived, the method 
of operation rapidly matured in what soon became 
known as the ‘celluloid’ technique, since it was 
developed primarily for the working of celluloid, in 
which the plastic was made into a solid block from 
which sheets were sliced with an inclined knife. Like- 
wise, for many years, it had been known to bond 
paper together into relatively thick sheets by means 
of natural resinous adhesives, and the advent of 
bonding agents which could be rendered infusible, 
naturally gave a new impetus to this industry, and 
laid the foundations for what has for many years 
been virtually a separate industry within the field 
of plastics, the production of laminates. Today it is 
fairly safe to say that laminates have done more to 
popularise plastics with industrial and domestic users 
than any other single material, or indeed groups of 
materials in this versatile industry, and ‘ Formica’ 
and ‘ Warerite’, to mention but two, are almost 
household names the world over. 

What had been successful with paper was naturally 
explored with thin sheets of wood, and plywood 
resulted. Whilst this industry was founded on the use 
of water-soluble natural adhesives, it leaped into 
significance when plastics bonding agents were used. 
Likewise. what had been successful with regular 
sheets of wood was extended to the conservation of 
irregular wood particles, sawdust and shavings, so 
much so that today, what started as an expedient to 
conserve wood waste is growing into a streamlined 
industry producing a specification material which can 
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successfully compete with board wood in many 
markets. 


2.2.1. The * celluloid’ technique 


As its name implies, this method ranks among the 
pioneers used in sheet production. Alcohol-wet 
nitrocellulose (10.8°/, N) is intimately incorporated 
with camphor in a Z-blade mixer, and this dough- 
like mixture is then pressed in hydraulic presses into 
blocks of standard size 54 in. X 24 in. X 6 in. firmly 
anchored to a heavy iron bed plate. Sheets of varying 
thickness are sliced from the block by means of an 
inclined knife, which is automatically traversed 
downwards after each cut. The sheets so produced 
are “stoved”’ for periods up to six months according 
to the thickness, to remove volatile solvent, and are 
finally “ polished ”’, to remove the cutting or “ knife” 
lines, by hot pressing in a multi-platen press between 
highly polished nickel plates; alternatively embossed 
surfaces can be produced by hot pressing between 
plates suitably engraved. Patterned sheets, such as 
the well-known tortoiseshell material, are produced 
by incorporating materials of varied colour in the 
block, and slicing and repacking into a block several 
times, if necessary, until the desired configuration is 
attained. As may be imagined, this is a craftsman’s 
job and one in which a considerable amount of 
traditional skill has been built up by the firms in this 
industry. In spite of the advances made in extrusion 
methods, the slicing method still claims its produc- 
tion quota, especially for celluloid, in which the 
difficulties and dangers of extrusion are many. Con- 
tinuous sheet was at one time produced in Germany 
by this method, the sheet being “peeled” from a 
cylindrical block by a constantly advancing knife, 
very much on the lines of wood veneer production; 
the method appears to have been unable to survive 
competition with the more accurately controlled cast 
film and extruded sheet. 


2.2.2. The production of high pressure laminates 


The process of making high pressure laminated 
products consists of impregnating sheets of material 
with a thermosetting resin, drying to remove solvents 
and to adjust the stage of cure of the resin, and 
finally stacking the dried, impregnated sheets and 
consolidating them into a hard cured product by the 
application of heat and pressure (Fig. 8). The sheet 
materials used are most commonly paper or woven 
fabrics based upon various fibres, whil the most 
important resins used are the phenolics (usually based 
on cresol) and the melamines. 

The resins are dissolved in suitable solvents, usually 
alcohol or a mixture of alcohol and water, the solids 
content and viscosity of the solutions being carefully 
controlled. In the impregnation stage the sheet 
reinforcement is unwound from a roll and passed 
through a bath of the resin, and then through 
pressure rollers which control the amount ot resin 
taken up and ensure complete impregnation. In 
some cases, such as for the production of wrapped 
laminated tubes, it is desired to coat the reinforce- 
ment on only one side, rather than thoroughly 
impregnate it. This is achieved by using a pick-up 
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Fig. 8. High pressure laminates — diagrammatic process sheet showing the production of high 
pressure laminates from the basic raw materials (paper, fabric, glass cloth and bonding resin) up 
to the finished sheets, rods, tubes and moulded shapes. 


roll which is in contact with the resin in the bath 
and resin is transferred from this roll to the rein- 
forcement sheet, often through a system of inter- 
mediate rolls. Other methods of coating employ 
doctor blades which apply a controlled weight of 
resin solution to the paper or fabric. 

After coating or impregnating, the sheet passes 
directly to the drying plant. This consists essentially 
of a large hot-air oven in the form of a tower or 
tunnel in which the solvents are removed by a care- 
fully controlled heating cycle, and passed to the 
solvent recovery system. In this stage the degree of 
cure of the resin is also adjusted to the optimum 
point for the subsequent laminating operation. The 
final zone of the oven is sometimes used as a cooling 
unit, but an alternative method of cooling is to pass 
the sheet betwen water-cooled rollers. The sheet is 
finally reeled on another roll. Tunnel dryers are up to 
10 ft. wide and may be as much as 200 ft. long. The 
rate of production of impregnated sheet varies with 
the material but is usually within the range 15 ft. to 
20 ft. per minute. 

The next stage, that of laminating the impregnated 
sheets into the final product, employs multi-daylight 
presses with heated platens, which may have an 
area of 100in. X 50 in. in the largest presses. Platen 
temperatures of about 150°C are used for phenolic- 
resin based laminates, while pressures are of the order 
of 4 to 1 ton per sq. in. The cure time depends 
upon the thickness but a cure time of 20 minutes for 
a laminate } in. thick is customary. Some work has 
been done on the curing of laminates by the applica- 
tion of a radio-frequency field while under pressure, 
and considerable shortening of cure time is claimed 
for this method, especially for thick laminates. 

It is essential that the platens of the press should 
be parallel, otherwise the finished laminate appears 
patchy. The impregnated sheets are placed between 


metal plates which may be of stainless steel, chromium 
plated steel or copper, and the assembly inserted 
into the press. Frequently a preloader is used in 
which several laminates are stacked prior to 
simultaneous insertion into the press. The plates must 
be spotlessly clean, and either highly polished or 
finished to a matt surface as required in the final 
laminate. A film of a lubricating substance, such as 
zinc stearate, is usually spread over the plates to 
prevent adhesion of the resin. In order to avoid 
warping troubles, the press is usually cooled before 
releasing the pressure. 

Laminates based upon phenolic resins are deep 
brown in colour and have little decorative value. By 
making the top plies of the laminate in urea- or 
melamine-resin impregnated sheet, products with 
light-coloured surfaces, carrying printed designs, if so 
desired, can be obtained. Alternatively the whole 
laminate may be made from the amino-resin 
impregnated material, in which case translucent 
effects and inlaid designs can be achieved. By 
incorporating suitable chemicals fluorescent laminates 
can be made, while heat resistance can be consider- 
ably improved by placing a layer of metal foil 
immediately below the decorative surface. 

Laminated tubes can be machined from sheet 
material, but it is more usual to make them by 
winding the treated paper on a mandrel. Heat and 
pressure are applied by means of rollers during the 
winding operation, and curing is completed by 
heating the tube on its mandrel in an oven. After 
cooling, the mandrel is extracted and the tube 
machined to the correct external dimensions on a 
centreless grinder. 

An alternative procedure is to mould the tubes, 
after winding, by heating under pressure in a split 
mould. The heat and pressure may be applied by a 
press, or a moulding box equipped with clamps 
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may be used and the whole assembly placed in an 
oven. Rod can be made in the same way by winding 
on a mandrel of small diameter, which is removed 
before moulding. During the moulding operation the 
tube collapses to form a rod. 

Special grades of laminated sheets can be “ post- 
formed ”. In this operation the sheet is heated, and 
while hot is shaped over a die by applied pressure. 
Pressure is maintained until the article has cooled 
sufficiently for it to retain its shape after removal 
from the die. Infra-red ovens or high-frequency 
generators are the best means of heating the sheets 
before post-forming, although other methods such as 
convection ovens, oil baths and fusible alloy baths 
have been used. Post-forming moulds are constructed 
of cheap materials such as wood, cast resin, etc. Very 
little pressure is required to form the heated sheet, 
so that light rapid-acting toggle or cam presses can 
well be used. The secret of successful post-forming 
is that the whole operation must be carried out 
quickly. 


2.2.3. The production of laminates—low pressure 


The field of reinforced plastics is growing rapidly 
and new methods of fabrication are constantly being 
developed. To give an adequate survey of all the 
methods currently in use is impossible in the time 
available and, therefore, only those processes which 
are most widely used are described. 


2.2.3.1. Wet lay-up process 

This process, and simple variations upon it, is most 
widely used for the fabrication of fairly large articles 
in glass-fibre reinforced plastics. In essence the 
process is simple, but to maintain a good quality of 
production it is desirable that the factory should be 
controlled as regards temperature and humidity. 

The first requirement is to prepare a mould, which 
may be constructed in wood, plaster or, very often, in 
glass-fibre reinforced polyester resin. The working 
surface of the mould is made as smooth as possible 
and then polished with a polish containing hard 
waxes. A film of a material which is incompatible 
with polyester resin is then applied by brush or by 
spray to form a “ parting layer”. In the next stage, 
a “gel coat” about 0.010 in. thick is brushed on. 
This gel coat consists of a polyester resin, usually 
specially formulated to have a certain degree of 
resilience, and pigmented to the desired surface 
colour. The gel coat is allowed to harden to the 
stage where it is just tacky to the touch and then the 
first layer of glass-fibre reinforcement is applied. 
Further resin is applied and worked into the glass 
with a stiff brush and split washer rollers until the 
glass is thoroughly impregnated. This resin is 
allowed to harden to the tacky stage and further 
plies of glass and resin are built up in the same way 
until the desired thickness has been achieved. The 
assembly is then allowed to cure, the process some- 
times being accelerated by gentle heating. In some 
cases, the assembly is enclosed within a flexible 
bag and pressure applied to the laminate by with- 
drawing the air from inside the bag. Somewhat 
higher pressures can be applied if desired, by 
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reversing this process and inflating a flexible bag 
against the laminate. If steam is employed as the 
inflating agent the heat also serves to accelerate the 
cure of the resin. 

The glass fibre reinforcement is obtainable in a 
variety of forms, for example, woven fabrics in 
several kinds of weave, chopped strands of glass 
about 2 in. long bonded into a mat form either by 
adhesives or by mechanical means, and woven 
rovings. The multiplicity of reinforcements can be 
used to advantage since it is possible, by choice of 
reinforcement and the position in which it is placed 
in the laminate, to give the product increased 
strength in any desired direction. Designing of 
plastics structures in the full sense of the term is 
thus a_ possibility. 


2.2.3.2. Preform moulding 


Preform moulding is used for the production of 
large runs of fairly small components. Basically the 
method comprises forming a “preform” of the 
article to be produced, from chopped glass fibres 
bonded with resinous adhesives. This preform is then 
transferred to a heated metal mould, polyester resin 
is distributed over it and the assembly is pressed 
under a light pressure, usually not exceeding 100 
p.s.i., until cure is completed. Articles such as suit- 
cases, washing machine agitators, etc., have been 
successfully produced by this method. 

Several methods are used for producing the pre- 
forms. The first method to be developed, which is 
still probably the most widely used, employs a 
“plenum chamber” into which glass fibre rovings 
are fed. The glass passes through a chopping device 
as it enters the chamber and is thereby cut into short 
lengths which fall down the chamber and are 
collected upon a perforated screen of appropriate 
shape, positioned at the bottom. Vacuum is applied 
to the screen to assist the collection of the fibres. 
At the same time a resinous bonding agent is sprayed 
into the chamber and is collected along with the 
glass fibre on the screen. Many resins, both liquid 
(or emulsified) and solid powdered materials have 
been used as bonding agents, but present practice 
prefers a solid polyester resin for this purpose. The 
preform, on its screen, is withdrawn from the 
chamber and the bonding agent 1s cured by heat 
to the stage where the preform can be handled 
without disruptio: . 

Another method of making preforms which has 
been more recently developed is to spray the resinous 
binder and chopped glass on to a ‘screen through 
which suction is applied. This-method has the 
advantage of being able to produce larger preforms, 
but the quality of production is very dependent upon 
the skill of the operator. 


2.2.4. The production of wood laminates — 
plywood, densified wood and particle 
board 

The production of laminates or multi-ply wood 
actually long predates the extensive use of synthetic 
materials as bonding agents. Once these had been 
firmly established, and particularly those of the 














Fig. 9. Side view of the Bartrev continuous 
press for the manufacture of particle 
board, showing the six interconnected 
pressure columns, No. 6 column being 
closest to the camera, and furthest away 
from the compression nip. (The board 
under heat and pressure from the moving 
platen can be seen as a white line passing 
midway behind the base of the pressure 
columns.) 


(Courtesy of International Plastics Ltd.) 


thermosetting variety, then they very naturally re- 
placed the water-soluble natural adhesives on which 
the plywood industry was founded. The change from 
natural to synthetic was not an obvious one; indeed, 
many users may only have become aware of the fact 
that any change had actually taken place when they 
found that their plywood no longer delaminated 
when immersed in water or became exposed to the 
weather. Much of the advance in this direction was 
made under the secrecy of war-time, when aircraft, 
such as the famous “ Mosquito”, were literally stuck 
together with glue ; but the glue was a synthetic 
polymer. Since then, boil-resistant bonding materials 
have been developed which have enhanced the per- 
formance of current plywood. 

Plastics also advanced the production and 
performance of laminates in which multi-ply wood 
was not only bonded together, but in which the resin 
actually penetrated the plys so bonded. These so- 
called densified woods were made before the War in 
France under the name ‘ Bois Bakalise’, and later in 
Britain as ‘Permali’. They have remarkable per- 
formance and can be worked and used for many 
purposes, much in the same way as metals, and they 
have the great advantage, of course, that they are 
considerably lighter. 

The procedure having been established to bond 
together massive sheets of wood, it is not surprising 
that similar attempts were made at the other end of 
the scale, i.e to bond into a usable sheet the finely 
comminuted wood which clutters as refuse sawdust 
the yards of every sawmill and wood working shop. 
At first the idea was to find an outlet other than 
fuel for this waste, which is to many industries a 
sheer embarrassment, but in the process of time the 
products of the new industry have gained status, and 
after many tribulations, are now established as 
specified materials variously known as sawdust board 
or chipboard, but now designated more usually in 

















Fig. 10. Bartrev machine — the nip. A view of the Bartrev 

machine showing the ‘carpet’ of resinated wood particles 

entering the pressure ‘nip’. (The individually heated pressure 

platens can be seen coming into line at the point where the 
operator is making his observation.) 


(Courtesy of International Plastics Ltd.) 


Europe under the officially recognised title of 
particle board. There is, however, one significant 
difference between the products of this industry 
today and those of the pioneers of a decade ago. 
Then it was a case of making something usable out 
of a heterogenous collection of unusable comminuted 
wood waste. Experience has shown that this can only 
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be done satisfactorily if attention is paid to the 
geometry of the wood particle, so that today atten- 
tion is concentrated on the production of wood 
particles of optimum size and configuration, starting 
with the tree off-cuts and trimmings which would be 
useless for board timber. The aim is possibly the 
same, but it operates one stage further back as far 
as the wood is concerned. 

There are, of course, many variants in the process 
as it is operated commercially today, but in essence 
it entails the controlled comminution of wood, 
admixing with this a controlled amount of a binding 
resin (usually u.f. or p.f.), so as to give a mass of 
constant and uniform resin and water content. This 
is then spread into thin layers or “carpets” 
depending on the thickness and final density of the 
sheets to be produced, and finally these sheets are 
constituted under the application of heat and 
pressure either discontinuously in a multi-platen 
press, or continuously in a caterpillar type rolling 
press. The static methods are possibly well known to 
you, so I will only draw your attention to one type of 
continuous press which has been developed in this 
country by Bartrev. The press is, in essence, two 
caterpillar tracks which can be heated to a con- 
trolled temperature and which carry two facing 
stainless steel bands. Wood chips of predetermined 
optimum shape and moisture content are treated 
with a controlled quantity (of the order of 5° - 7°/,) 
of urea formaldehyde resin syrup suitably catalysed 
to give rapid cure, and this is fed to a hopper, from 
which it is spread on the lower band of the con- 
tinuous press by means of a vibrating feeder. This 
uniform ‘carpet’ is carried forward first under a 
radio frequency heating unit, and thence into the 
‘nip’ of the press where it meets the overhead 
track, and where the loose layer is compressed into a 
sheet of the required density (0.4-0.75) and 
thickness (} in.-1in.). The pressure is maintained 
at 399 lb.-500 Ib. per sq. in. and temperature at 
140°C-150°C as the compressed mass moves through 
the pressure zone, where the pressure is applied from 
six hydraulic columns. These can be seen from the 
photographs (Figs. 9 and 10) which show the ‘nip’ 
with the resin woodchip ‘carpet’ clearly visible 
as it enters, and also the compressed sheet on its way 
through the pressure zone, and the six pressure 
columns. When the cute of the resin has been 
substantially completed, the sheet passes out of the 
press, and is cut into predetermined lengths by 
means of a flaying saw. The ‘ Bartrev’ process is a 
triumph for integrated chemical and mechanical 
process precision, and makes possible the continuous 
production of chipboard at speeds ranging from 
6 ft.- 18 ft. per minute, according to the thickness. 


2.2.5. Production of laminates with 
discontinuous inorganic fillers 


Some reference must be made to a class of com- 
positions which have found extensive uses in the 
chemical and allied industries by virtue of their 
excellent resistance to chemical attack. Such com- 
positions are based upon phenolic resins, heavily 
filled with special grades of acid-washed asbestos and 
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other mineral fillers. They can be moulded into 
shape by the application of moderate pressures and 
caused to harden by heating. Hydraulic presses are 
not needed to provide the working pressures re- 
quired, so that it is possible to produce quite large 
moulded articles by this process. Vats, tanks and 
other vessels used in the chemical industries are pro- 
duced in this fashion. Materials of this type are 
manufactured in this country under the trade name 


** Keebush ”. 


2.2.6. Fabrication of plastics by casting 
processes — cast films 


The development of the photographic industry 
was slowed up for many years for the lack of a tough, 
non-brittle, flexible carrier for the light sensitive 
silver emulsion. Glass was an excellent material, but 
it was heavy and brittle. It is quite evident that the 
cinema could never have been possible without the 
continuous flexible base, and just as it was the 
celluloid base film which laid the foundations of the 
cinema, so it was the moving picture industry which 
produced the incentive for the production of better 
and more stable films. It is interesting to note in 
passing that in spite of the large number of quite 
remarkable polymers available today the photo- 
graphic industry still relies on the cellulose polymers. 
The pioneer celluloid has largely given place to 
triacetate, it is true, but still the cellulose chain 
literally carries the moving picture industry today, 
and chere are no serious competitors in the offing. 

The large-scale production of continuous film has 
developed by two rather different methods, known 
respectively as the wheel and the band method. 
Originally film base was cast on long glass tables; 
the Eastman Company using tables up to 200 ft. 
long, which was adequate for the early cine film. 
Apart from the limitations in length (it was not 
continuous) these early films had many other dis- 
advantages, and were replaced in the first decade 
of this century by continuous casting on the surface 
of a large slowly rotating wheel. Such wheels, 15 ft. 
or even 18 ft. in diameter, and nearly 5 ft. wide, 
were eventually built, with polished surfaces of 
nickel or stainless steel, and. capable of production 
of film either of cellulose nitrate or ‘non-flam’ 
cellulose acetate, continuously for very long periods. 
Plant such as this is still used in which the wheels 
themselves are jacketed — that is, there is an inner 
wheel concentric with the outer rim — and through 
the inter-space. water at a suitable temperature can 
be passed, entering and emerging centrally from 
the hub of the wheel. The heating of the solution or 
“dope” layer to evaporate the solvent is effected by 
means of an exterior jacket, also concentric with the 
wheel. and through which steam or hot water is 
passed, but the complete removal of the solvent 
is effected by a subsequent seasoning process and is 
not carried out on the surface of the wheel (Fig. 11). 

It is only during the past 20-25 years that film 
manufacture has met with any commercial success 
in Britain, and until the last War production was 
confined to ‘ commercial’ film — i.e. film used for 
packaging, colour cards, and other diverse uses. 
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During the War, however, nitro-film of photographic 
quality was first produced, and this success led 
eventually to the establishment of a large production 
unit making photographic film base for all purposes 
from cellulose triacetate. From the beginning band 
machines were employed in this country, and their 


manufacture was made possible by the production in 


Germany and Austria of endless bands, at first with a 
brazed joint but later with an invisible welded joint, 
and made of copper and later of nickel. They are 
made of considerable size — 28 metres of 924 ft. long 
and 54in. wide in a regular size, but much longer 
ones have been supplied. The technique of casting 
on a band machine is much the same as on a wheel, 
except that the solution is poured or ‘ cast’ on to the 
gelatine coated surface of the metal band running 
horizontally round two end drums, instead of on to 
the surface of a wheel (Fig. 12). 

The production of film by the alternative melt- 
casting is applied to crystalline types of polymer, 
such as nylon and terephthalic polyesters (“Terylene’ 
or ‘Dacron’). It depends on the fact that these 
polymers have comparatively sharp melting-points; 
above these temperatures they exist as viscous 
liquids, which can be extruded from a pressure 
spreader, either by a screw extruder or a metering 
pump. The process was first applied to nylon, where 
an extruder is employed to force the polymer 
through an adjustable slot. the hot extruded film 
being picked up by a chilled drum, after which it is 
longitudinally stretched by pulling rollers before 
reeling. A slightly different method has _ been 
described in patents for the production of polyester 
film, known in the U.S.A. as ‘ Mylar’, and in Britain 
as ‘ Melinex’. This method is designed to avoid the 
separate preparation and remelting of the polymer, 
which is not only unnecessary, but undesirable, 
because of the danger of oxidation and consequent 
discolouration. The molten polymer is fed to a 
metering pump and then directly to an extrusion 
hopper, which spreads a thin uniform layer con- 
tinuously over the surface of a casting wheel. The 
film is stripped and then passes through a cooling 
bath, after which it is stretched laterally by a 
tentering device and longitudinally by rollers in a 
heated section, and then finally into a setting and 
cooling zone before reeling. The two processes have 
the common feature of cooling, followed by 
stretching, the reason for this procedure being that 
quick cooling is necessary to prevent random 
crystallisation, with consequent opacity and brittle- 
ness, while subsequent stretching gives orientation of 
the molecules with crystallisation in preferred 
directions. In other words cooling gives amorphous 
material, strong enough to be processed, and 
orientation through stretching allows the inter- 
molecular attractions which give crystallinity to 
develop the maximum strength of the material, 
which in the case of ‘ Mylar’ film is extremely great. 
I shall refer to this general principle at some length 
later. 


2.2.7. Casting solid units 
Several plastics materials may be cast by pro- 
cesses which in some respects are analogous to the 
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Fig. 11 (top). Diagrammatic layout of a wheel film casting 
plant, tracing the progress of the process from the mixing 
vessel through the casting machine to the finished roll. 


Fig. 12 (bottom). Diagrammatic layout for a typical band 
casting process. 


casting technique used with metals. Of the thermo- 
setting materials, phenolic resins, urea formaldehyde 
resins to a lesser extent, as well as polyester and 
epoxide resins, may be cast in liquid form into 
suitable moulds where the curing reaction, by which 
they are converted to an infusible solid state, takes 
place. There are also one or two casting techniques 
specially suitable for use with thermoplastics 
materials. In the case of the thermosetting resins, 
the casting technique has in the past been applied 
to the production of decorative articles, particularly 
of special phenolic resins made from high purity 
reagents under controlled experimental conditions. 
The casting moulds may be of metal (lead) or of 
rubber or p.v.c., the design of the moulds being 
such as to allow for shrinkage of the order of 1°/. 
The minimum wall thickness of 4 in. to ;'; in. is 
recommended, but there is no limitation on the 
permissible wall thickness, provided the curing 
schedule is arranged so that the resin hardens 
uniformly throughout its mass. The casting tech- 
nique is still applied to phenolics, but it is rarely 
used with urea formaldehyde resins because of their 
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higher shrinkage, although it is of interest to recall 
that the initial idea for the production of these 
materials was to provide a substitute “ glass” for the 
production of lighting pendants, a use which was 
terminated by the internal stress so readily 
developed by these materials. 

Polyester resins containing mineral fillers in fibre 
or powder form are used in small quantities in 
casting applications for the repair of metal parts, 
although they are not as satisfactory as the epoxide 
resins in this respect. The latter class have much 
greater adhesion to metals and very much lower 
shrinkage during cure. The epoxide resins are indeed 
a versatile class, possessing remarkable adhesion to 
metals, glass, wood, in fact, to most materials. 
Normally obtained in liquid form for casting appli- 
cations, they are converted to an infusible cross- 
linked state by the addition of a curing agent. The 
curing characteristics as regards speed, temperature 
sensitivity, and degree of hardness developed can be 
varied to a considerable extent by selection of 
appropriate curing agents. Fillers can be incor- 
porated to modify the properties and to give an 
appearance simulating metals or porcelain. Well 
publicised for their usefulness in paints and 
adhesives, the epoxide resins will find their largest 
outlets in the engineering trades in an_ ever- 
increasing range of applications, including filling 
and upgrading porous metal castings, repair work 
in the gas industry and repairing cracks in concrete 
and masonry. 

The casting technique applied to methyl 
methacrylate is well known for the embedding of 
biological and botanical specimens. The addition 
of a peroxide catalyst to the mobile water-white 
monomer, methyl methacrylate, or syrupy partial 
polymer thereof, will initiate rapid conversion to a 
crystal-clear hard product. A modification of this 
known as the “slush” moulding technique has also 
been used in connection with certain cold-curing 
phenolic resins, but is more suitable for the produc- 
tion of fairly small articles from a p.v.c. (polyvinyl 
chloride) paste. Certain grades of p.v.c. can be 
stirred into an approximately equal amount of 
plasticiser to form a free-flowing paste which gels 
when heated to a temperature in excess of 140°C. 
The procedure followed in a slush moulding is to 
charge an amount of p.v.c. paste to a previously 
heated hollow mould. e.g. for the production of a 
doll’s head, slushing the compound around so that it 











forms a skin on the wall of the mould. Excess paste 
is drained off and the mould passed through an oven 
to complete the gelation to a relatively soft, flexible 
product. 


2.2.8. Calendered sheet (free and supported) 


In the calendering process the plastics material, 
in the form of a warm doughy mass, is passed 
between a series of three or four heated rollers in 
which it is thoroughly worked and homogeneous. It 
emerges from the rolls in the form of a flat film or 
sheet, the gap between the last pair of rolls deter- 
mining the final thickness and uniformity. Several 
types of roll arrangement are available, those of the 
‘Z’ and inverted ‘L’ types being standard in the 
industry. Usually calenders are designed so that thin 
films and heavy sheeting can be _ produced 
alternatively on the same equipment, which means 
that the rolls will be subjected to a wide range of 
separating forces which tend to bend them. In order 
to keep the sheet flat, either the technique of roll 
bending, when an opposing bending moment is 
applied to the rolls, or the technique of roll crossing, 
when one roll axis is crossed slightly with respect to 
the other, is employed. When required, the sheet may 
be embossed to give a variety of attractive surface 
patterns by means of a special unit placed between 
the calender and the cooling rolls. The current trend 
is towards double or turret type embossing units in 
order to provide a quick change of pattern. The 
cooling rolls are usually driven in groups of three for 
best speed control, the number required depending 
on the sheet thickness and the production rate. A 
high speed sheeting calender may require nine or 
more cooling rolls. 

Calendering can also be used to apply a covering 
to such backing materials as paper, fabric, etc. The 
film and backing material are simply squeezed 
together between the heated rollers so that they 
emerge as a completely united sandwich. 


2.2.9. Expanded plastics 


In the last few years expanded plastics have 
attained considerable importance, initially mainly as 
thermal insulants, but more recently as structural 
materials, either alone or supported in sandwich 
form with sheets of rigid plastics. These expanded 
materials fall into two broad classes accordingly as 
the cellular structure is open or closed. Within this 
general classification are many different types, but 



































Fig. 13. Diagrammatic representation of the production of expanded 
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FOAMED POLYURETHANE 


Fig. 14. Diagrammatic representation of foamed polyurethane. 


although theoretically any plastics material (thermo- 
plastic or thermosetting) can be expanded, very few 
individual plastics are thus worked today on any 
significant commercial scale. Today the most 
important are p.v.c., polystyrene and polyurethane, 
but it is almost certain that with the increasing 
appreciation of the remarkable properties of ex- 
panded plastics, other members of the plastics family 
will be added to those now being worked 
commercially. In view of the actual and potential 
importance of these materials, I think a brief 
reference should be made to the more important 


members (Fig. 13 and 14). 


2.2.9.1. Closed-cell expanded p.v.c. 

Closed-cell expanded p.v.c., which may be either 
rigid or flexible, is produced by mixing the p.v.c. 
resin with a chemical blowing agent such as 
azoisobutyrodinitrile (A.Z.D.N. or Porofor N), a 
plasticiser if the flexible grade is required, and 
colourants, stabilisers, etc. The composition is loaded 
into a mould the cavity of which represents a small 
replica of the desired expanded article. The mould is 
completely filled, sealed with an efficient gasket and 
then heated to about 160°C. In this stage, the 
blowing agent decomposes and the p.v.c. is gelled. 
Locking pressures of the order of 2 tons per sq. in. 
are needed to keep the mould closed against the 
internal pressure developed. After heating under 
pressure for a period determined by the dimensions 
of the mould, heating is stopped and the mould is 
cooled rapidly while maintaining the pressure. When 
cold, the “blank” is extracted from the mould and 
heated at a moderate temperature, 70°C - 100°C ; 
in this stage the p.v.c. softens and the gas contained 
in it Causes it to expand to its full size. Densities as 
low as 2 lb. per cu. ft. have been obtained by this 
method. 


2.2.9.2. Open-cell flexible p.v.c. 


Two continuous processes have been developed in 
America for the manufacture of open-cell flexible 
expanded p.v.c. One of these employs a p.v.c. paste 
which is saturated with an inert gas, such as carbon 
dioxide, under pressure while refrigerating the com- 
position. The gassed paste then passes to a spraying 
head where it is discharged on to a conveyor belt, 
foaming as the pressure is released. The foam is 
levelled by passage under a doctor blade and then 
passed between the electrodes of a high-frequency 


generator, where further expansion takes place and 
the p.v.c. is gelled. A speed of production of 18 in. 
per minute for foam 2 in. thick has been quoted for 
this process. 

The other process utilises a p.v.c. paste in which is 
dispersed a chemical blowing agent. The paste is 
distributed on a conveyor and passed in succession 
first through a heating zone which decomposes the 
blowing agent and allows foaming to take place, and 
then through a zone at higher temperature where 
the resin is gelled. The second heating stage is 
usually accomplished by means of high-frequency 
heating. 


2.2.9.3. Polyurethane foam 

In contrast to cellular p.v.c., polyurethane foam is 
“ self-expanding ”. The reactants are, basically, an 
alkyd resin, a polyisocyanate and water. On mixing 
these materials together a complex chemical reaction 
ensues; the polyisocyanate reacts with hydroxyl and 
carboxyl groups in the alkyd resin, in the latter case 
producing carbon dioxide, and also with the water 
present, again producing carbon dioxide. The net 
result is that the composition cures and _ is 
simultaneously foamed by the liberated gas. ‘The 
rates of the two reactions have to be balanced against 
one another in order that the gel point is reached 
at about the point of maximum expansion. 

Flexible foam, which is now beginning to find a 
variety of applications, such as in upholstery, in- 
sulated clothing, etc., is most economically produced 
by continuous processes, a typical example of such a 
process being as follows. A comparatively small 
mixing chamber is mounted directly above a con- 
veyor system which carries a series of box-shaped 
moulds. The mixing chamber is mounted in such a 
way that it can be automatically traversed from side 
to side of the conveyor. The reactants, alkyd resin, 
polyisocyanate and modifying agents are fed to the 
mixing head by metering pumps, mixing takes place 
within a few seconds and the mixture is continuously 
discharged to the mould moving below. The 
traversing movement of the mixing head ensures that 
a reasonably uniform “fill” of the mould is obtained. 
Foaming commences almost immediately the mixture 
is deposited in the mould and, after travelling a short 
distance on the conveyor during which period the 
foam reaches its maximum height, it enters a heated 
zone where the reactions are completed. On 
emergence from the heated zone, and after cooling, 
the foam can be slit to the required thickness. 
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Control of all the variable factors is absolutely 
essential for successful operation of this type of 
process. Temperatures and viscosities must be closely 
watched, and laboratory supervision and testing of 
the raw materials is continuously necessary. 

Rigid polyurethane foams can be produced by a 
similar process, but the main applications of such 
foams stem from their ability to be foamed im situ. 
Such foams are used for filling cavities, for example 
in aircraft wings, and confer rigidity upon such 
structures without a great increase in weight. To 
prepare such foams, the necessary quantities of 
reactants are weighed, mixed together and the 
mixture immediately poured into the cavity. Foaming 
ensues and the mixture rises to fill the cavity and 
then sets to the rigid state. Owing to the good 
adhesive properties of the polyurethanes, the foam 
adheres strongly to the surfaces of the cavity. Light- 
weight sandwich panels can be made in a similar 
fashion by casting the foam between sheets of 
aluminium, fibreglass reinforced plastics, etc. 


2.2.9.4. Expanded polystyrene 


The raw material for the production of expanded 
polystyrene consists of polystyrene beads, prepared 
by suspension polymerisation, which are impregnated 
under pressure with a gas and/or a volatile liquid. To 
prepare moulded blocks of expanded polystyrene, 
such expandable beads are first pre-expanded by 
heating them in a bath of hot water. The pre- 
expanded beads, which are now many times their 
original size, are then allowed to stand for 12 to 24 
hours to allow them to come to equilibrium with the 
atmosphere. They are then loaded, in calculated 
weight, to a perforated closed mould which is heated 
by steam or by immersion in hot water. The beads 
expand further, filling the mould completely and 
forming a strong coherent moulding. 

In another process, which is not at present 
operated in this country, expanded polystyrene of a 
different type is produced. Polystyrene beads are 
impregnated with a volatile material, and then fed 
to a screw extruder. On emergence from the extruder 
nozzle, the polystyrene expands. This process is 
useful for the manufacture of expanded polystyrene 
in long lengths of sections such as boards, rods, etc., 
which can be extruded, but if other shapes are 
required, they must be machined from the primary 
material. 


2.3. The fabrication of plastics by the application 
of pressure or vacuum 


In some ways plastics have the advantage over 
metals from the point of view of fabrication in that, 
being more temperature-sensitive, they can be more 
easily formed by the application of force aided by 
temperature. Thus, whilst except in limited instances 
metals cannot be formed by what may be described 
as the “push and pull” methods using air as the 
medium, thermoplastics when suitably heated can 
be readily formed by the use of air pressure or of 
vacuum. In both cases the processes are logical in 
principle and simple in operation; indeed, blow 
moulding is almost as old as the industry itself, 
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having been traditionally applied to the formation 
of such common articles as celluloid dolls and ducks 
which most of us know from our childhood. Strangely 
enough the reverse process, though equally obvious, 
has only been explored on any scale during the post- 
War years, but since then great strides have been 
made in this vacuum-forming or suction-forming, as 
it is sometimes called, and the process appears 
destined for considerable extension in the near 
future. 


2.3.1. Blow moulding of plastics 


The process of blow moulding plastics materials 
has a long history, having been applied for many 
years, principally to celluloid sheets and tubes. Two 
celluloid sheets are clamped within a die and steam 
is blown between them in such a way as to do the 
double job of softening the material and forcing it 
against the die where it is subsequently cooled. Along 
the edges of the cavity, lands on either mould-hait 
nip the two sheets together to form a welded seam. 
For this method of operation the die has to be heated 
and cooled and the material requires to be pre- 
formed.. While use of this method continues in 
restricted and specialised applications there has been 
a marked reduction in its general employment, 
particularly since celluloid has fallen from favour for 
the production of toys. 

More recently there has been rapid development 
of methods in which the preformed material is 
actually produced as part of the process, and the 
heat therein at this preforming stage used for further 
manipulation. Employing either injection or 
extrusion machines as the motivating power a 
number of methods have been developed for the 
manufacture of holloware —— principally bottles — 
employing a relatively small range of materials, and 
in particular low density and high density polythene, 
and nylon. 

In essence the modern process of blow moulding 
consists of forming a tube (not necessarily circular 
in section) and by the internal application of air 
pressure, while the tube is within a mould cavity and 
is still sufficiently heated, blowing or forming the 
material against the cooled mould walls where the 
article cools and can be removed by opening the 
mould at the correct instant. The methods by which 
hollow articles are made can be differentiated as :- 


1. Those based on an injection machine : 

(a) forming a closed ended tube for subsequent 
blowing in a separate cavity; 

(b) forming an open ended tube, closing a 
mould around it and blowing on the 
machine; 

(c) forming without a base, which is later 
welded in (this is not blow moulding). 

2. Those based on an extrusion machine : 

(a) single tubular parison with fixed nozzle 
attached to mandrel and single die; 

(b) multiple parisons with similar nozzles and 
rotating feed; 

(c) single parison with rotary die assembly. 

The extruder-based methods can be classified 
according to the relative positions of extrusion die 








and blowing nozzle, since the nozzle can come 
through the mandrel of the extrusion head 
(B.P. 516,262), or be opposed to the mandrel 
(B.P. 697,326, B.P. 713,419). Something like 16 British 
patents cover the various aspect of the process. Some 
idea of the general operation of the process is given 
in Fig. 15. 

For ‘squeeze’ and other types of bottles for 
cosmetic applications and for chemical bottles where 
impact resistance is important the two main types of 
polythene are employed. For applications where 
improved heat resistance is required the higher 
density grade of polythene is frequently employed. 
Various grades of nylon — either copolymers or 
special high molecular weight grades of the straight 
polyamides — offer the advantages of improved 
transparency, combined with good heat resistance 
and toughness; pharmaceutical applications might be 
mentioned in this connection. 


2.3.2. The vacuum forming of plastics 


The vacuum forming process provides a simple 
rapid-cycle method of forming thermoplastic sheets 
by means of heat and a combination of vacuum and 
atmospheric pressure. It is a technique that is 
particularly suitable for the forming of sheets of 
styrene co-polymers and vinyl co-polymers; ordinary 
polythene does not possess the right combination of 
mechanical and thermal properties for successful 
manipulation by the vacuum forming technique. The 
largest material consumption in vacuum techniques 
is of toughened polystyrene, but use is also made of 






































polyvinyl chloride, polyvinyl chloride copolymer, high 
density polythene and cellulose acetate sheet. Of 
particular interest, since they are just beginning to be 
employed in this country, are the A.B.S. copolymers 
(based on styrene-butadiene-acrylonitrile) which com- 
bine extreme toughness with good handling 
characteristics. 

In essence the process consists of clamping the 
plastic sheet in a frame, applying heat to soften the 
sheet and then evacuating the air from between the 
sheet and a mould so that atmospheric pressure 
forces the softened sheet against the mould. When 
sufficiently cool, the formed sheet is removed. 
Methods of heating by steam, hot water, hot oil and 
infra red lamps have been discarded as being either 
too slow, or giving uneven heating; most commercial 
machines employ heaters using electrical resistance 
wire in some form. In fact, the development of 
accurately controllable high temperature heaters has 
been a major factor in the recent rapid growth of 
this method of fabrication. 

The variables of heating, cooling and forming 
require control. In automatic machines the various 
stages are controlled sequentially, following one 
another in quick succession. Each stage must be 
completed before the following operation can start. 
Should the heating stage be time-controlled, this part 
of the cycle should be reproducible to within one- 
fifth of a second. While pressures in vacuum forming 
are relatively low (14 lb./sq. in. or less) it must not be 
overlooked that the total pressure exerted on a large 
mould can run to high values. Thus, for example, 
when using a mould 6ft. X 4ft., a pressure of 
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Fig. 15. Diagrammatic representation of the blow-moulding of a bottle: PART | shows the 
extrusion of the plastic tube or parison into the open mould. PART II shows the mould closed, 
thereby closing the end of the tube, the extruded plastic mass being forced by air pressure to 
take the contour of the mould. The final stage of the process is shown in PART Ill, with the 
mould once again open and the finished bottle ready to be severed from the parent tube. 
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48,000 Ib. is imposed on the sheet and also on the 
machine table, which must be sufficiently strong to 
withstand this sudden load. 

Even such an apparently simple process has its 
‘snags’. The forming operation in stretching the 
sheet must, of course, reduce the sheet thickness. The 
stretching is localised at those parts where the sheet 
is drawn, but the major cause of thinning is the way 
a sheet clings (or ‘ blocks’) to the walls of the cavity. 
Yet at no point must the thickness be so reduced that 
the sheet ruptures during forming under the com- 
bination of heat and pressure, nor must the product 
be flimsy. The simplest vacuum forming technique, 
in which vacuum alone is used to pull a heated sheet 
into or over a mould, is suitable only for the pro- 
duction of articles of shallow draw, since the deeper 
the cavity the thinner will be the plastic form. A 
rule of thumb generally used is that “straight” 
vacuum is not used where the diameter of an 
opening is less than twice the depth. By decorating 
flat sheets in a distorted pattern by silk screen 
printing, articles with highly accurate decorations 
may be produced inexpensively by the vacuum 
forming technique. 

A variation of straight vacuum forming, in which 
a male form is placed in a cavity, gives a stronger 
article since it leaves the thickest part of the sheet 
on the top. However, much more waste occurs with 
this method because the sheet must be drawn down 
the sides of the female portion of the mould 
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Fig. 16(a). 
: Commercial vacuum forming machine. 








(Courtesy of Alfred Herbert Ltd.) 


sufficiently far to prevent excess thinning at the base 
of the male plug. The technique has been recently 
largely replaced by “ drape” forming, which has the 
advantage of producing thick-walled sections without 
extreme waste. In this modification of the vacuum 
forming technique, the plastics sheet is draped or 
pulled over the male form until the level of the sheet 
is down to the lowest height of the mould. The sheet 
is then sealed at the edges and the vacuum applied, 
pulling the sheet to the contours of the mould. 

One of the most economical processes is vacuum 
forming the hot sheet as it emerges from the die of a 
sheet extruder. The proponents of this technique 
emphasise that all scrap can be reground and fed 
back into the hopper of the extrusion machine. This 
principle is, of course, made use of in the ‘blow’ 
moulding of hollow bodies already described and 
it has the advantage that not only is the expensive 
process heat conserved, but the plastics material 
suffers less structural degradation (see Figs. 16(a) and 
16(b) ). 

Many other variants of the vacuum forming tech- 
nique have been described in a search for a reliable 
method for deep forming with more uniform thick- 
ness. In the ‘plug-assist’ forming technique a wooden 
plug, only slightly smaller than the female mould, is 
employed to form the heated sheet. The air, trapped 
in the cavity as the plug descends, forces the sheet 
against the plug and keeps it away from the cavity 
walls, particularly at the rim. The air pressure is 
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maintained until the end of the plug stroke, when 
vacuum is applied to form the sheet against the 
cavity wall. Plug-assist forming employs a combina- 
tion of drape action and the effect of the trapped air 
to keep the material away from the cavity rim so as 
to reduce blocking to a greater extent than does 
drape-forming. Thickness data obtained from trials 
in which various factors were varied has shown that 
the plug should closely approach the size of cavity 
and that the air pressure is a critical factor 9. 
Blocking has also been reduced by an ‘air slip’ 
process in which air is again trapped, but now 
between the plug and the sheet. The trapped air 
forms the sheet into a bubble which the plug reaches 
towards the end of the stroke. The air is evacuated 
and the sheet is formed against the plug without a 
female die. It has been claimed that this method 
allows control of the uniformity of thickness to 
within 10°. 

The latest improved technique is known as the 
Dropform method which combines the idea of an 
assisting plug with the drape and Airslip tech- 
nique 10, This versatile combination has_ been 
designed into different styles of machine according 
to the end use, whether it is large industrial 
mouldings or rapidly produced thin-wall disposable 
containers. It is interesting to note that, at what 
might be called extremes of use, the sheet-forming 
techniques are in competition with, respectively, the 
largest injection machines and the fast fully auto- 
matic smaller machines. This is something like the 
completion of a cycle of events. 

As in the case of injection moulding and extrusion 
moulding the vacuum forming technique, although 
in principle so simple, has been found from experi- 
ence to be dependent for successful operation as a 


Fig. 16(b). General view of “ Formvac” automatic production 
line for plastics containers and lids. 


(Courtesy of Hydro-Chemie, Zirich) 


production technique upon careful control of all the 
relevant factors. This emphasises again what is so 
often overlooked by those without previous 
experience of plastics materials, that they are man- 
made high molecular weight chemicals whose 
properties depend upon their chemical structure, 
and these properties will inevitably be impaired by 
any fabricating method which degrades or adversely 
influences this optimum chemical structure. This 
again is a point on which I shall have more to say 
later, since it is the point which possibly more than 
any other draws the distinction between fabrication 
methods as applied to plastics and metals. 


2.4.‘ Working ’ plastics 11-15 


2.4.1. Machining of plastics 

Where it is necessary to machine plastics materials 
either for assembly or decorative purposes, the con- 
ventional techniques and tools used in the metal 
industry can, broadly speaking, be employed. In 
metal-working certain recommended conditions, such 
as cutting angles, speed of cutting, etc., must be 
adhered to if a high and accurate standard of work 
is to be achieved, and similar recommendations exist 
for the machining of plastics. Due to the large 
number of plastics materials commercially available 
today, and particularly in view of the fact that no 
two types of materials will have identical physical 
properties, it is not possible to generalise when 
talking of the fundamental differences between the 
working of metals and plastics. Considerable data 
have now been published on the subject, and 
optimum machining conditions for almost every class 
of material have been carefully worked out and 
documented. 











In the working of plastics a number of points must 
be borne in mind, in particular the following :- 

1. That the majority of plastics have a relatively 
low softening point, and this, coupled with 
their poor thermal condition, may lead to 
burning, distortion or discoloration if the 
machining limits and conditions are not 
rigorously observed. 

2. That in many instances plastics are significantly 
brittle and may exhibit internal stress so that 
chipping or breaking may occur when a 
mechanical shock is applied as, for example, in 
a punching or even turning operation. 

3. The swarf from cutting may, due to the nature 
of the material, be powdery and so lead to 
clogging or binding of a drill or tap. 

The golden rule to be applied in working plastics is 
to maintain an extremely sharp cutting edge, and 
this may mean frequent sharpening of the tool. In 
addition it must be remembered that many plastics, 
particularly those containing mineral fillers such as 
silica or slate powder, or reinforced with glass fibres, 
are very abrasive. The majority of plastics can be 
machined without the use of a lubricant, but in the 
case of some thermoplastics it may be preferable to 
apply soluble oil and water or a soap solution, or 
even paraffin wax, to the cutting face. An air jet 
assists in the removal of swarf and dust, and at the 
same time is a valuable aid to dissipating some of the 
heat evolved. Where metals and plastics are to be 
used in conjunction with one another, i.e. in 
threading or tapping plastics to fit a metal bolt or 
nut, allowance should be made for the difference in 
thermal expansion of the two materials and such 
combinations are to be avoided altogether if the 
operating temperature of the assembly is extreme. 

In passing it should be mentioned that this 
internal physical stress in some plastics, which is 
normally a hindrance, can be put to good use in 
photoelasticity, where an item such as a gear wheel is 
firstly machined from the clear stress-free cast plastic, 
which is then viewed under load through crossed 
polaroids. In this way it is possible to see at a glance 
the points or areas of greatest stress and consequent 
weakness, and these in turn can be minimised by 
re-design of the affected part. The whole procedure 
thus only involves a machining operation instead of 
the advanced and lengthy mathematics which has 
been customary hitherto. 


2.4.2. Welding of plastics 16 - 22 


There are a number of techniques by which 
plastics materials can be joined together without the 
use of solvents or cements, the actual method chosen 
in a particular instance being dependent on the 
characteristics of the material and the size and shape 
and general requirements of the application. The 
methods can be classified as follows :- 

(a) Welding — which is something closely akin 
to metal techniques in that a filler rod is used. 
However, since the electric arc method of pro- 
viding the localised heating cannot be applied 
to a non-conductive material, the source of 

heat must be a stream of hot gas which is 


controlled and directed by the use of specially 
designed torches, and to avoid oxidation of the 
plastics material, inert gases (nitrogen is usual) 
are employed. A V-shaped gap is made by 
cutting or machining the edges of two sheets 
and a filler rod is gently pressed into the gap 
as both edges and rod are heated. As with 
metal welding, considerable skill and experience 
is necessary to avoid the pitfalls of poor joints 
with risk of stress cracking. This latter point 
becomes of special importance where certain 
environmental conditions arise, for example 
with polythene, which in most of its fabricated 
forms, and unless high molecular weight grades 
are employed, is prone to ‘environmental 
cracking’. Polythene and rigid p.v.c. are the 
materials most frequently fabricated by this 
technique and chemical plant ducting and tank 
liners are common applications. 
Butt welding. For joining rods and tubes, 
welding can be accomplished by butting 
molten ends together. The softening is pro- 
duced by use of radiant heat, and pressure 
with a slight twisting action serves to make the 
weld. About 70°/, tensile strength is obtained 
by this technique. 

(c) Heating sealing. Thinner materials such as film 
or foil are welded by heating and pressing two 
layers together along lines about ;'; in. to 4 in. 
wide, and this technique is used in making bags 
or sachets of polythene layflat tubing. To 
prevent adhesion to the heated presser jaws a 
coating of p.t.f.e. or a p.t.f.e. film is used. The 
mechanical strength of such a joint is not very 
high. 
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2.5. Plastics coatings and adhesives 

The origin of the idea of applying naturally 
occurring materials as protective and decorative 
coatings for wood and metal is lost in antiquity; most 
certainly it long predated plastics. It is not surprising, 
therefore, that as plastics became commercial they 
were applied as the natural polymers had been 
applied before them, as their protective layers. First 
came the nitro-lacquers in the 20’s, the ‘cellulése 
finishes’ as they were and still are called, followed 
by contrast with the phenolics and alkyds, the so- 
called synthetics. For many years it must not be 
forgotten that alkyds topped the production lists in 
polymers, and even today they account for 
464,915,674 lb. of America’s gigantic polymer totals, 
compared with 482,883,073 lb. for phenolics and 
148,112,637 lb. for cellulosics. Whether ‘ cellulose ’ 
or ‘synthetics’, polymers have done and still do 
yeoman service in protecting and decorating 
traditional materials, and add considerably to the 
production total of plastics. 


2.5.1. Spray coating 


The traditional method of applying spray coatings 
remains as it started — the spray “gun”. In special 
lines the application of emulsions by brush, roller 
and spray, has increased in recent years, although 
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SCHEMATIC LAYOUT OF ELECTKOSTAT/C SPRAY 
PAINTING 


Fig. 17. Diagrammatic layout of the Ransberg electrostatic 
spray painting process. 





this applies more particularly to the so-called plastics 
emulsion paints which are based on polyvinyl acetate, 
and are the joy of the home decorator housewife 
who can wield her roller applicator to good purpose. 
Notable also are the p.t.f.e. emulsions which are now 
becoming widely used; the initial spray coating, being 
followed by the high temperature sinter-stoving, give 
coatings which are not only protective, but have 
frictional properties equal to an ice/ice surface. For 
the rest the field is with the solution spray guns 
which, though improved in detail, are basically 
similar to those with which the industry was founded. 


A variant of the solvent-vehicle / air-current 
atomisation process, and one which has attained 
considerable significance for high quality work in 
recent years, is the so-called electrostatic spray 
method, in which the lacquer or paint medium is 
formed into droplets by spinning from a disc, and 
these droplets are attracted to the surface of applica- 
tion within and by reason of a high electrostatic field, 
rather than, as is conventional, being forced thereon 
by the application of air-jet pressure. A process of 
this type has been widely developed under the 
Ransberg patents and is diagrammatically illustrated 
in Fig. 17. Articles to be coated are earthed through 
their hangers and are moved automatically and con- 
tinuously into the coating chamber. Here a voltage 
pack is connected to the disc or bell-shaped atomiser, 
creating an electrostatic field between it and the 
articles to be coated. The lacquer is fed to the 
atomiser and the atomised particles fly direct to the 
article by reason of the electric charge they carry, 
The inevitable result is that every droplet of lacquer 
must eventually find its way on to the target area, 
which is the article to be coated, so that little or no 
waste can be experienced. Not only does this mean 


that the lacquer is 100°%% used, but there is in 
consequence no ‘ overspray’ to be exhausted. The 
method claims a high degree of performance and is 
independent of the personal factor and skill of the 
operator. Some idea of the efficiency claimed for the 
process can be obtained by an example cited, in 
which for a particular article the introduction of 
electrostatic in place of conventional spray gun 
painting cut the rejects by 90°, and stepped up 
production from 1,200 pieces/8-hour shift to 1,000 
pieces /hour. 

Another variant of spray coating of particular 
interest to engineers is that known as ‘cocoon’ 
coating, pioneered in America and operated in this 
country by R. A. Brand. As the name implies, the 
process aims at enclosing or cocooning an article 
rather than coating its surface in a conventional 
manner, and may be applied to almost anything 
from a small machine tool to a battleship. A special 
gun first applies a ‘ spider web’ over the extremities 
of the unit, and on to this base a continuous flexible 
coat is then built. When solvent free the coating 
tightens completely enclosing the article. Some of 
you may have seen the Princess flying boat at the 
Isle of Wight which was coated in this wav. The 
coatings may have built in ‘zips’, so that the moisture 
content within the unit can be controlled or the 
coatings may be removed at will. This method for 
the production of tailor-made tough and flexible 
coatings for large and small plant should be of great 
interest to engineers. 


2.5.2. Flame-spray coating 


Yet another variant of the spray coating technique 
is the one in which the finely divided plastics 
material is rendered fluid by being projected at high 
speed through a hot flame, and whilst in this state 
is forced by an air stream on to the surface to be 
coated, where it is further heated so causing all 
the particles to coalesce to give a uniformly smooth 
surface. Among the earliest of these was the Schori 
process, originally developed for the flame-spraying 
of relatively low melting metals, but now for some 
years used successfully for applying a number of 
plastic and related materials, particularly as pro- 
tective coatings. The process uses as its raw material 
a fine plastics powder of particle size around 60 
mesh, which is carried in a flow of air through the 
inner nozzle of a specially designed gun. An annular 
nozzle concentric with the powder nozzle carries an 
oxygen/propane mixture which is ignited to give a 
high temperature flame. A further annular nozzle 
around this carries a stream of air alone which 
serves to control the heating of the oxypropane 
flame (Fig. 18). 

In practice the surface to be coated is preheated 
and this may simply and effectively be achieved 
by use of the gun without the powder being fed 
through it. The surfaces to be coated should be free 
from dirt and oily contamination and, if metal, 
should preferably be shot-blasted or treated by some 
similar process to give a good keying medium. When 
the surface has been preheated to a suitable tem- 
perature, the powder is fed through the oxypropane 
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Fig. 19. General view of the 

Telcon plant for extrusion 

coating of polythene on to kraft 
paper. 


(Courtesy of Telegraph Construction & Maintenance Co. Ltd.) 


Fig. 18. Spray gun. 
(Courtesy of the Schori Division of F. W. Berk & Co. Ltd.) 
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flame, and conditions adjusted to give a molten 
coating on the substrate without decomposition. 
After the desired thickness has been built up it is 
sometimes an advantage to moderate the flame to a 
low temperature luminous type, cut off the powder 
supply, and carefully ‘flame’ down the coating to 
give complete fusion of the top surface. The process 
is necessarily limited to materials of reasonable 
thermal stability with decomposition temperatures 
sufficiently remote from their softening points. To 
facilitate this, the gun used for flame-spraying is 
a slightly modified design compared with that 
normally empleyed for metal work. The following 
materials in particular may be used in the process : 
polythene, nylon, shellac/mica, thiokol, Araldite. 


2.5.3. Roller, extrusion, ‘ doctor’ knife and dip 
coating 

From the earliest days of the use of plastics, it 
has been customary to apply them by methods which 
had been developed for the application of thin 
layers, many of which stemmed from the photo- 
graphic industry. These involved the use of one or 
more rollezs, the plastic solution or emulsion being 
applied thereto in an even stream which was to be 
distributed over the paper or fabric surface in a 
layer of uniform density. The coated material was 
then passed festoon-wise through a drying tunnel to 
remove the volatile solvent or aqueous medium. With 
the advent of melt plastics their application in solu- 
tion form lost some of its popularity. It was found 
more advantageous to extrude the plastic into the 
carrying base of paper or fabric in the form of a 
fairly thick ‘curtain’, which would immediately 
adhere to the carrying base and form a uniform 
layer on cooling. Where thin coatings are required 
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It is customary to extrude at greater thickness, e.g. 
10 mils, but to traverse the carrying base at such a 
speed that the layer is drawn out to one-tenth of its 
thickness (i.e. finished lin.) as it falls on and 
becomes attached to the carrier base. Plant of this 
type which is used by Telcon for coating craft paper 
with polythene for the production of cement bags 
and the like, is illustrated in Fig. 19. 

Where thicker coatings are required, as in the 
production of the so-called ‘ American’ or synthetic 
leather, it has been customary to apply the nitro- 
cellulose or similar composition by means of a 
spreading knife or ‘doctor’ blade. The composition 
to be applied is usually fed into the ‘V’ which the 
blade forms with the fabric to be coated, the thick- 
ness of the coating being controlled by the down- 
ward thrust of the blade against the fabric. Since the 
growing popularity of p.v.c. has tended to take 
business away from nitrocellulose, the trend has been 
away from ‘doctor’ knife towards coating on 
calender rolls, as already described. 

For coatings which completely or substantially 
encapsulate the unit to be coated simple dipping is 
resorted to. This needs very little special in the way 
of plant beyond a container for the solution or 
plastics melt, a conveyor belt to track the article 
into and away from the solution, followed by a 
drying chamber to remove any volatile solvent 
where this is used. This process has been applied 
to the coating of handles of electrical pliers, coat 
hanger hooks and such like small articles, which are 
of simple contour and free from re-ertrant angles. 
Plastics of the type known as ‘ peel-coats’, such as 
ethyl cellulose compositions, which are used to pro- 
tect small machine tools for delivery in factory-fresh 
condition, are applied in this way. 


2.5.4. Fluidised solid coating 


An interesting method of applying plastics 
coatings, which has increased in importance during 
the past few years, is known as fluidised solid coating. 
This is a dipping process in which the plastics 
material is actually applied in solid form, but the 
solid is so finely divided that it behaves like a liquid. 
This can readily be obtained if the solid particles are 
not only very small but are separated by air spaces. 
The process has been mainly developed with 
reference to the application of polythene and 
polyamides (nylon). 

The prerequisite of the process is that the plastics 
material is available as a very fine powder 
and this is contained in a vessel capable of taking the 
largest unit to be dipped. The bottom of the con- 
tainer is a porous tile through which air under 
pressure can be forced to percolate. This vessel is 
half-filled with the plastics powder and the air is 
forced upwards through it so that it actually almost 
doubles in volume. The result is the equivalent of an 
ultra-light powder, into which the unit to be coated 
can be easily and completely plunged. Before this is 
done, the unit is uniformly heated to a temperature 
approaching the melting point of the plastics to be 
coated, so that when it is withdrawn it takes with it 
a perfectly uniform coating of finely divided plastic. 





From the dipping vessel the unit next passes to the 
sintering oven, where the coating is melted to form a 
continuous layer over the surface of the article. The 
method is covered by patents 23, and it has gained 
considerable popularity for the coating of intricate 
articles with specific plastics. 


3. PLASTICS CONSIDERED AS ENGINEERING 
MATERIALS 


3.1. How different are plastics ? 


It is possibly because plastics emerged gradually 
and unobtrusively over a long period, and that they 
were known to be products of the test tube, that for 
many years engineers refused to take them seriously. 
To the man brought up in the traditions of iron and 
steel this was reasonable enough perhaps; how could 
he expect these pseudo-chemicals to do the man-sized 
jobs he was accustomed to put on to steel, copper 
and brass? Fortunately some branches of engineering 
were exceptions to this rule; indeed, plastics owe 
much ot their development to the progressive outlook 
of electrical companies. To some extent the War 
changed the oppositional attitude and gave plastics 
their chance to show what they could do, and in 
the main they used this to good purpose. What they 
did show was perhaps surprising to the engineer, and 
it was not that plastics would sweep away all the 
conventional materials, but rather that they would 
aid the conventional materials to do jobs more 
efficiently or indeed, those jobs which they had never 
been able to do before. When engineers found that 
they were rather the natural friends than the enemy 
of plastics, the whole pattern of development 
changed, and from refusing to have anything to do 
with plastics or having as little as possible contact 
therewith, some engineers have taken a keen interest 
in the new materials, and have actually collaborated 
with plastics-producing organisations to develop 
materials to meet specific purposes. 

The extent of the change which has taken place 
in recent years is, I think, epitomised in the opening 
paragraph of an interesting book on plastics recently 
published in America, and written by a Professor of 
Chemical Engineering, Gilbert Ford Kinney 24. He 
writes : “Plastics are the wonder engineering materials 
of the modern age, provided they are properly 
employed. They have performance possibilities 
matched by nothing else, but to obtain them may 
require a special design. Thus they pose a problem 
for the practical engineer.” This emphasises quite 
definitely that plastics are different; we shall learn 
that they are different among themselves and 
different as compared with traditional materials. The 
differences in conventional materials one from the 
other we know and rather take for granted because 
we have grown up with them, so why should we not 
accord the same consideration to plastics? Yet 
until relatively recently this was not done. To many 
engineers plastics were plastics, a group without’ 
individuality; that the individual members differed 
from one another as much as lead from platinum 
was for a time of little consequence. Now this has 
changed, and industry and the general public today 


427 












































Fig. 20. Molecular aggregation, as suggested 
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think not so much of the family of plastics as of 
individual members. The children of today are 
growing up with polythene and ‘vinyl’, as we grew 
up to know iron and steel, silver and gold. A brief 
consideration of some of these differences may help 
us to appreciate not only how plastics can best be 
used per se, but how they may with advantage co- 
function with traditional materials. 


As I have already mentioned, plastics are 
chemicals, in the main, organic chemicals; from this 
fact stem most of their virtues and not a few of their 
troubles. Their outstanding characteristic is perhaps 
their molecular complexity; they are the materials 
of the giant chain-like molecules, and contrast 
significantly with the neat and compact structures 
which go to make up metals. Thus at the outset we 
can expect a greater variation in plastics materials 
of the same genus as compared with metals, so that 
all possible control in the production of plastics is 
obviously essential. In the main plastics are carbon- 
based, so that these complex molecules will be 
vulnerable to heat, requiring therefore maximum 
consideration to be given during manufacture of the 
raw plastic and during the working of this into the 
end-product, in order that the ravages of heat 
treatment are reduced to the minimum. 
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Now we know that in some of the plastics 
structures the long chains move freely over each 
other when heat is applied, and we call these the 
thermoplastic materials. On the other hand, there 
are the thermosetting plastics which, if heated to 
the required degree suffer chemical change which 
locks the chain structure quite rigid, and prevents 
relative movement during heating. At one time we 
thought this broad family distinction was fixed and 
clear; today we know, following the work of 
Charlesby, that even the so-called thermoplastics can 
be rigidified or cross-linked in their structure by the 
application of high energy radiations, such as 
gamma rays. 


From these brief remarks I think it will be clear to 
you that in plastics we have at our disposal many 
ways in which we can influence the performance of 
the final products. Optimum functionality can be 
expected from products of the most regular struc- 
ture, and this regularity can be influenced almost as 
much by the conditions of fabrication of the end- 
product as by the actual control of the initial 
chemical processes which go to form the long-chain 
polymer. For too many years this vital fact was 
insufficiently appreciated, and good plastics were 
ruined in fabrication simply because the moulder 
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Fig. 21. 
Qualitative —_ relationship 
between quality and 
structure of plastics—Dr. 
Swallow’s diagrammatic 

representation. 
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made life as easy for himself as possible by literally 
“turning on the heat”. 

For many years, indeed since Carleton Ellis coined 
the phrase in reference to the work of Carothers, 
chemists have found ways of “tailoring the long 
chemical molecules” to give products of specific 
utility. In actual fact it is only really in the last few 
years that we have been really successful in this 
direction, and have succeeded in building up mole- 
cules of a specified pattern to give products of known 
and predictable properties. Just what these possi- 
bilities are was outlined by Dr. Swallow in his 
Cantor Lectures to the Royal Society of Arts a few 
years ago, and I cannot do better than quote briefly 
from his Paper his description of the various ways in 
which molecules can be aggregated in plastics 
irrespective of their chemical constitution25; the states 
of aggregation described are illustrated in Fig. 20. 
“In A we have the random arrangements of chains of 
different lengths which can be regarded as con- 
tinuously coiling and uncoiling in three dimensions, 
like eels in a tub. These chains are held together in 
their length by covalent chemical bonds and in the 
chains themselves by those forces which occur 
between simple organic molecules. When, however, 
the forces between the chains are stronger and the 
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chains themselves less flexible, then we approach the 
condition of the amorphous thermoplastic shown in 
B. We can also have the structure which is in effect 
one giant molecule as C, in which the chains are 
joined together by the same forces as hold the chains 
themselves. These are polymers of the Bakelite (p.f.) 
type. If, on the other hand, the geometry of the 
chains is such as to fit into a crystal lattice, then as in 
D, the chains can crystallise along portions of their 
length. Here we assume that one polymer molecule 
can extend from one crystallite through an 
amorphous or disorderly region to the next 
crystallite, so that crystalline and amorphous co- 
mingle in the structure. When some of these 
crystalline polymers are stretched, the crystallites are 
stretched in the direction of stress, giving structures 
of increased strength such as shown in E, which is 
exemplified in the manufacture of nylon fibres. 
“There is yet a further structure, such as F, in 
which the chains are branched, and the branches 
may crystallise among themselves. Thus we can 
differentiate broadly between the polymers in which 
the chains are flexible with weak inter-chain forces 
and which are characteristically rubber-like, those 
with less flexible chains and higher intermolecular 
forces which are amorphous, and those in which the 
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regularity of the chains is such as to permit 
crystallisation to occur along their length. In 
addition, we recognise those in which the chains are 
united laterally and longitudinally by the same 
covalent forces in the cross-linked or thermoset 
structures. Finally, we have those in which the chains 
are branched, and which in certain cases can 
crystallise within themselves.” 

Dr. Swallow also illustrated graphically the 
qualitative relationship between structure and 
properties, and this diagram reproduced in Fig. 21 
will make clear and expectable the differences we 
know to exist between many common plastics 26. 
On the vertical axis the intermolecular forces and/or 
the molecular stiffness of the chains increase, whilst 
on the horizontal axis the molecular regularity pro- 
gressively increases. In general, therefore, the 
softening point of a polymer will tend to increase 
as we proceed from the left-hand bottom to the 
right-hand top corner of the graph, and plastics 
may thus be classified as shown in three overlapping 
zones, which are characteristically the amorphous 
or glass-like, the crystalline or fibre-forming, and the 
rubber-like. Fibre-forming properties in the polymer 
are quite clearly more exacting and, therefore, more 
limitative. 

Today the chemist is able not only to predict the 
properties of his chemical structures in these general 
terms; he knows precisely how his groupings will 
build up, and he aids his chemical thinking by the 
use of three-dimensional models which show at once 
whether or not in any particular chemical structure 
he can literally make both ends meet. If he can do 
this, then he knows that the chemical polymer he 
will produce will be stable and functional. How 
different are these methods from those of but a few 
years ago, where empirical trial was the only method 
to find out whether or not any particular process 
would yield a stable and usable polymer. 

This precise three-dimensional chemical thinking 
is well illustrated by what has been facetiously re- 
ferred to as the ‘new tactics in polymers’, which 
has followed the work of Ziegler in Germany and 
Natta in Italy. This has shown that it is possible to 
determine the ultimate pattern of a polymer by 
laying down what is virtually an inorganic template 
in the form of an inorganic catalyst on which the 
polymer is actually pre-fabricated, and from which 
the then unwanted catalyst is eliminated in the final 
stages of production. Such is the accuracy claimed 
by Natta for the process of heterogeneous stereo- 
specific catalysis that he can control with accuracy 
the way in which side groupings are attached to the 
main chain of the polymer. If they are all on one 
side of the chain then the product is said to be 
isotactic, if they regularly alternate it is syndiotactic, 
and if the addition is completely irregular, then 
atactic products result. The processes which have 
evolved as a result of this work are by no means 
of academic interest, since they have made possible 
not only the production of polymers of improved 
properties, but have also made possible the large 
scale and controlled polymerisation of such abundant 
and cheap hydrocarbons as propylene, which have 
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hitherto resisted the chain forming processes of the 
chemist. 

The chemical advances of the last five years have 
brought us within reasonable sight of the ambition 
of the pioneers—the controlled tailoring of the giant 
polymer molecules, and the operative word now is 
“controlled ”, Chemically speaking we have attained 
our goal, or reasonably so; it now remains to bring 
the final fabrication processes into equal line as 
regards precision and accuracy. Just as good food 
can be spoiled by a bad cook, most certainly an 
excellent polymer can be ruined if the processes of 
fabrication used in the manufacture of the end- 
product are inefficient. The end-user is interested in 
the quality of his end-product; it is of small con- 
solation to him to know that his unsatisfactory 
products were in fact actually produced from 
polymers of excellent properties. This can well 
happen if the engineering processes of final fabrica- 
tion do not take the same note of the delicacy and 
accuracy of the polymer structure which was the 
guiding principle of the chemist who produced the 
raw polymer. I do not wish to imply that this 
problem is peculiar to plastics; it is assuredly not 
unknown to the workers in metals and woods. But 
we must all agree, I am sure, that metals and woods 
can more readily tolerate deficiencies in the 
fabricating processes than can plastics, since their 
molecular architecture is more robust and _ their 
structure is less complicated. From this suggestion 
that plastics are structurally more delicate than con- 
ventional metals and woods, it must not be assumed 
that the points of difference between the new and 
old are all in favour of the latter; plastics most 
certainly “have their points”. Just how significant 
some of these are I hope now to prove. 


3.2. Designing in and for plastics 

In applying plastics in general engineering service, 
and more particularly when such application is in 
the nature of replacement of conventional products, 
we are faced with the difficulty that there are many 
points of performance on which we are completely 
lacking in data. When potential users ask us hope- 
fully will your plastics do this or that, we can 
frequently only say with honesty, we don’t know. 
To users brought up on the tradition of metals and 
wood, where performance data have been collected 
for over a century of almost all conceivable con- 
ditions of use and misuse, such an answer is often 
unacceptable, and the potential user returns 
frustrated to his metals or woods. The position, 
however, is not always hopeless, and by careful 
analysis of the service conditions given, extrapolation 
of available data, the application of accelerated 
tests. and above all the application of logical 
common sense, it is usually possible to assess what 
plastics can offer. In the “bad old days” the 
attitude was not infrequently to say that plastics 
could do any job short of making cutting edges and 
surfaces to meet direct heating; how sadly some 
plastics failed in consequence is now history. These 
days of misapplication of plastics are fortunately 
gone to a very considerable extent, and this is due in 
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no small measure to the fact that the processes of 
fabrication of plastics (using the term here in its 
broadest sense to include the manufacture both of 
the raw plastics and finished plastics products) are 
more perfectly understood, It is true to say that 
today the industry designs as much in as for plastics. 
The result is not only products of considerably 
improved functionality, but also products of greater 
aesthetic appeal. Let us take brief stock of what 
modern plastics can offer the engineer today. 

The outstanding attraction of plastics as com- 
pared with metals is no doubt their lightness, and 
although for this they sacrifice a considerable degree 
of strength, their specific strength (strength/mass 
ratio) is high, as is shown in Appendix Table I. In 
many instarices, however, the strength, though lower 
than that of metals, is adequate for the envisaged 
use. Indeed, it is possibly fair to say that had plastics 


been first in the field, the great weight of metals and: 


the fact that in many cases they offered strength 
which could not be capitalised, would have reacted 
against them in competition. It is inevitable that 
performance standards are assessed in favour of 
established usage. Plastics are in the main easy to 
fabricate by comparison with metals, a fact which 
stems from their carbon-based structure and con- 
sequent temperature sensitivity; it is for this reason 
that they are mass-production materials par 
excellence. This reacts, of course, in the opposite 
direction in limiting the applications of plastics 
where high temperatures come in question (see 
Appendix Table II). The only materials offering 
extended temperature range are the fluorene 
polymers, silicones and certain epoxides, but in what 
may be termed the middle bracket, there are a large 
number which are useful over the range of tem- 
peratures normally encountered on this planet. On 
the other hand, at the low and ultra-low end of the 
temperature scale, many plastics are considerably 
more happy than metals generally. Thus, whilst one 
must admit certain temperature limitations for 
plastics, the position in this particular is by no 
means so entirely favourable to metals as many 
engineers appear to take for granted. 

Outstanding among the advantages of plastics is, 
of course, their relative inertness and consequent 
resistance to corrosion; they do not rot, corrode or 
rust, although some types of plastics have their own 
form of degradation if improperly used. It is for this 
reason that plastics co-function so admirably with 
metals, the metal giving load-bearing qualities, the 
plastics giving corrosion resistance. Plastics are also 
poor conductors of heat and electricity, so that they 
are (and indeed have always been) well sought after 
for insulation purposes, for thermal and electrical 
work. Plastics possess remarkable damping charac- 
teristics which enable them to damp out vibrations 
in a way which metals cannot do due to their 
essentially different molecular architecture. 

Compared with conventional materials plastics 
offer unique colour possibilities, and they go even 
further in that certain plastics can be offered 
alternatively coloured or glass-clear. On the other 
hand, the colour stability of some plastics is in- 


different to poor, but in many instances this can be 
effectively compensated and, generally speaking, it 
can be said that when good colour and colour 
stability is required, it can be given in one or other 
of the commercial plastics according to the con- 
ditions to be met in the end use. Again this point of 
selectivity among plastics must be emphasised, and 
it may be a question also of selectivity within a 
plastics family, and not just from family to family. 


So much for the advantages plastics have to offer 
as compared with metals but, of course, there is the 
other side of the picture; plastics are not without 
their disadvantages. Many of these stem from the 
fact that plastics are complex chemicals and of no 
very fixed and ordered or guaranteed structure. It is 
not surprising that they lack the dimensional 
stability of metals and are subject to warping, 
twisting, shrinkage and creep during use or storage. 
They are also vulnerable to energy radiation, and 
some of them can be decomposed to a greater or 
lesser degree when exposed to heat, light or high 
energy radiations. Some plastics give trace of their 
chemical ancestry in that they have an odour, either 
of their own, or residual from the parent chemicals. 
Occasionally this is a serious disadvantage, but it is a 
curious psychological fact that users who have for 
decades been prepared to tolerate a fish-glue 
adhesive, for example, are completely nauseated by 
anything more pungent. than alcohol. During the 
past 10 years of intensive research much has been 
done to rectify some of these inherent defects, but 
the one which manufacturers can do very little about 
is their cost; plastics are expensive materials. This 
is due to the fact that the basic chemicals are per se 
expensive, and even at increased bulk production 
there can be little hope that the current price can 
be substantially reduced. In many instances plastics 
are of necessity materials suited only to batchwise- 
production, and although the current tendency is 
always towards continuous and automatic working, 
there are many instances where this cannot be 
applied. 

Now how can we sum up between these pros and 
cons, or much more important, how does the 
potential user do this? I think I can say that 
currently his attitude is much more reasonable than 
it was a few years ago, when plastics were still 
regarded as “pseudo” materials which you only 
used if you could not get supplies of what were 
conventional products. A few years ago it was usual 
for a potential user to ask of plastics all the 
properties he had valued in metals, plus all those 
additionally advantageous ones he had visualised in 
his wildest dreams; and after this he mostly specified 
that the price must be lower than current.for con- 
ventional materials. Progressive users were more 
reasonable and their successful application of plastics 
in new and conventional lines has set the pattern. In 
those earlier days we heard much of the virtues of 
metals, so much so that one came to regard these 
as near perfect. Now that plastics have proved their 
worth one hears less of the wonders of competitive 
metals, but more of their faults. I can look back on a 
four-hour train ride from the North of England some 
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years ago when I listened almost the whole way to a 
discourse from an eminent engineer on brittle 
fracture in metals. I listened and was well content, 
since I saw that in the face of such a defect the case 
for plastics was by no means hopeless. That there 
is on the contrary very considerable hope is 
evidenced by the progressive use made of plastics in 
America, where, of course, they try something 
because and when it is new, rather than wait as here 
in England “ till all the bugs are out of it”. 

Currently the climate of opinion among engineers 
is I think changing; they are now prepared to give 
plastics a fair deal. The wise among manu- 
facturers of plastics had foreseen this and, 
anticipating the inevitable swing which must come 
when convention could hold out no longer, had laid 
their plans accordingly. They have accomplished 
this as I have already said, by designing in and for 
plastics, that is they have selected their chemical 
groupings and reactions to give a polymer of a 
particular structure, and this they have fabricated 
by methods which not only capitalised but actually 
enhanced these properties in the finished end-user 
product. 

Let me explain in a little more detail what I mean 
by this. You have all used polythene end-products 
in one form or another, and whilst over the past few 
years we have come to admire this material for its 
remarkable versatility, we have found occasions 
when unaccountable troubles have been encountered. 
Some of these were found to be due to just such 
variations of structure as I have already referred to, 
in that not only was the molecular build-up 
irregular, but the chains were not uniformly 
straight — they were in actual fact considerably 
‘branched ’. To obviate this came new methods and 
new products, and with Ziegler’s heterogeneous 
stereo specific catalysis, came the production of truly 
straight chains and the advent of what is sometimes 
called “ linear” polythene. The result is a more rigid 
and generally harder material which is also more 
thermally-resistant, and all this has been achieved 
by design control on the structure of the polythene 
itself. In much the same way as this purely 
structural change, the design of polymers has been 
changed by the introduction of chemical groupings 
to achieve changes in performance properties. In all 
of these the chemist does not just guess, he works 
his designs out on a space model to make sure that 
they fit quite accurately and that there are no 
stresses, strains or unbalance in the finished molecule. 
In this the approach of the plastics chemist today is 
completely different from that of the pioneer days, 
when at the best his attitude may be described as 
“ cook-it-and-see ”. I have given but one example — 
there could be hundreds; in all, the chemist is aiming 
to achieve the most regular and ordered pattern to 
produce a desired end-product. 

But precision and attention to structure does not 
end with the production of the plastics. It is of equal 
concern to the fabricator and, as I have already said. 
good plastics material, like good food, has often been 
ruined in the cooking. How this is done differs in the 
various fabrication processes, but in all the golden 
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rule is to safeguard the polymer from an overdose 
of its arch enemy, heat, whether applied or ‘ work ° 
heat. For the rest the fabrication should be carried 
out in a way as to give the maximum uniformity of 
molecular and chain structure and freedom from 
“faulting” and stress spots. An example of this, 
before the War, was the production of tough 
“ Fibestos ” cellulose acetate sheet by extruding the 
dough and maintaining the sheet so produced under 
tension, both transverse and lateral. The more 
modern example is the remarkable improvement in 
strength which is achieved by orientation when hot 
melt extruded nylon is cold drawn. A _ homely 
example in injection moulding is the production of 
the ordinary hair comb. Originally it was customary 
to introduce the plastic into the mould in the centre 
of what may be termed the “ shoulder” ; half went 
to the left and half to the right. The result was a 
complete centre of weakness at this point of entry, 
which resulted in easy fracture. The remedy was to 
introduce the plastic at one end so that it flowed 
in a clean sweep right along the “shoulder”, re- 
sulting in maximum strength at the point of greatest 
stress in the middle. These are but a few examples 
of what is being done in the line of designing the 
plastics, both material and processwise, but we must 
be careful not to press this argument of oriented 
molecular structure too far since there are occasions, 
such as the injection of thin-walled containers, where 
we avoid the truly ordered chains along the length 
of the container. 

Experience has shown that it is equally necessary 
to design for plastics. Early attempts were made to 
reproduce in plastics the general form of metal 
prototypes, frequently with disastrous results. After 
many early failures and much study of the detail 
of what happens to the material dimensionally during 
the fabrication process (as I have already detailed 
under injection), a procedure has been evolved to 
meet the particular needs of specific plastics. The 
overall result has been not only an improved article 
of enhanced performance, but in many instances an 
article of improved aesthetic appeal. We have gone 
a long way since the early empirical days, but there 
is still much to learn. Such has been the progress of 
the past few years as to prove even to the most 
sceptical what can be done with plastics. As a result 
of the success to date we are finding manufacturers 
willing to use and sell plastics as such, and there is 
much less tendency to try to pass them off under 
an alias as imitation something-or-other. An 
interesting example of the extent to which this 
abstract thinking supported by mathematical cal- 
culation can be applied, as much by the fabricator 
as by the manufacturer of plastics, was shown by my 
colleague Mr. L. W. Turner, in a Paper given in 
London 27. (See Appendix No. 5 for special note.) 


3.3. Plastics to specification — current trends 


It is sometimes difficult to realise that it is only 
half-a-century since the first conception of structural 
materials from chemicals was put forward as a 
serious commercial idea. Having regard to the 
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enormous potentialities of synthetics which are 
opening up today, it is almost as difficult to realise 
that possibly the greatest difficulty which has been 
encountered in the meantime has been selling this 
conception to industry. Even today, and particularly 
in this country, there are those who feel that plastics 
are not quite to be trusted, but against this is the 
growing climate of opinion among those responsible 
for major structures, that plastics are capable of 
more onerous work than has been entrusted to them 
hitherto. This is due in no small measure to the fact 
that today plastics are largely specification materials, 
and this goes not only for the basic chemicals and 
raw plastics, but also for the end-user products. 


This represents almost as much a change in 
psychology as in technology, since in most instances 
it presupposes collaboration between the sponsors 
of the materials and the industries responsible for 
the end-products. This has been of reciprocal 
advantage to all concerned. No more is it necessary 
for the end-user to take risks and chance his arm 
using materials which the polymer manufacturer is 
not sure about any way. By getting together with 
his end-user, the plastics producer knows beforehand 
precisely what performance is expected of his 
material, and he not infrequently agrees a_per- 
formance specification which will represent reason- 
ably what he hopes to attain and at the same time 
is not vastly in excess of what the end-user can use 
and must have. 


Quite apart from effecting thus a compromise in 
quality control and performance, the collaboration 
between manufacturers of raw plastics and finished 
end-products has given both such a knowledge of the 
manufacturing problems of the other as must in- 
evitably improve both materials and methods of 
fabricating them. It is possibly fair to say that no- 
where as in plastics has there been such free and 
constructive collaboration with end-users, and in 
consequence in no other industry are the user specifi- 
cations not only designed to give adequate quality 
control, but actually give guidance for the best 
methods of working the plastics into the finished 
end-products. A good example of this which can be 
cited is British Standard 1972:53 covering the 
manufacture of polythene pipes. 


The success which has attended this collaboration 
between plastics and numerous end-product makers 
in this country is evidenced by the remarkable list of 
British Standard Specifications which have been 
established, many of them in the past 10 years; a 
list of these is collected for reference in Appendix 
Table 6. An interesting development in this general 
direction is the Toxicity Report published a few 
weeks ago by the British Plastics Federation. For 
many years users found difficulty in believing that 
plastics which are chemicals could reach their end- 
product stage without inheriting some of the 
characteristics of their chemical ancestry. To the 
non-chemist it is possibly difficult to realise that in 
the condensation polymerisation which takes place 
between phenol and formaldehyde, for example, both 
the chemicals lose their identity and, in their place 





comes a single polymer which is perfectly stable and 
quite phenol-free. Nevertheless, there have been cases 
where added chemicals, such as the plasticisers added 
to p.v.c. to increase flexibility, have imparted aroma 
to end-products, and there is an equal chance that 
such products might be toxic. This is of considerable 
importance today when plastics are used in food 
preparation and so largely in the packaging of 
food stuffs. The new Toxicity Report lays down a 
code which, if followed by manufacturers of plastics, 
will ensure that end-users may have every confidence 
in the products they handle. It will be of material 
assistance both to plastic and the food industries, 
ard must enhance the general prestige of plastics. 


4. THE FUTURE WITH PLASTICS 


In the early days of the industry it was customary 
for reviewers to speculate on the future of plastics. 
Such has been the progress of these materials in the 
past decade that I feel it is more accurate to specu- 
late on the future with plastics; it would indeed be 
exceedingly difficult to imagine any future for society 
as we know it without plastics. 


4.1. Energy and material equation in the modern 
world 


The co-significance of materials and energy came 
in this country just over 200 years ago when a new 
source of energy, coal, coincided with a new 
material, iron, and heralded what history has 
recorded as the First Industrial Revolution. There 
are clear indications that history is now repeating 
itself, but this time on a gigantic and global scale. 
By comparison with the first this second industrial 
revolution, as it may well be, will affect every part 
of this now closely integrated world, 

When Zeta was announced a few weeks ago, Sir 
John Cockcroft characterised this wonderful 
development as ensuring unlimited power for all 
time. Such a statement could give the TV viewer a 
cosy feeling, make him sit back in his chair and 
think that nevermore will he be worried that lack 
of solid fuel will give him an empty grate and a 
cold room. But does it give us really this feeling of 
security, is energy in fact the only key factor in the 
life of man and nations ? I submit that it is not; 
to be fully serviceable energy (except in the form of 
atom bombs) can only be capitalised through the 
snedium of materials, and materials, at any rate 
traditional materials, are nature bound. To equate 
this stepped-up energy with the necessary equivalent 
of materials, would be virtually impossible in 
traditional terms. Woods are limited by the trees of 
the forest and metals by the ores stored in nature’s 
storehouse; both are limited in quantity, vast though 
these are. Synthetic polymers by contrast can be 
stepped up at will, since the raw materials are avail- 
able somewhere, and plants can be multiplied, given 
the capital. I don’t want to push this argument too 
far, of course, but this I can say with confidence, 
the multiplication of supplies would be much easier 
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with synthetics than with traditional materials and, 
once available in a raw state, plastics can be 
fabricated into usable end-products much more 
rapidly than can traditional materials. — 

I am not implying in this suggestion that as 
materials plastics are self-sufficient; on the contrary, 
I am suggesting that their role is likely to be quite 
largely one of collaboration with traditional 
materials. Quite definitely, in consequence of this 
expansion of plastics, traditional materials will be 
more and more in demand, since to metals, wood, 
and ceramic, rather than to plastics will fall the need 
to produce the chemical plant which will be used in 
turn to produce the increased quantities of chemicals 
and plastics. Likewise, traditional materials rather 
than plastics will go to build the atomic energy 
plants which will liberate the energy and harness the 
power to the service of man. If it is a question of 
opening up new sections of uninhabited land, or 
irrigating desert wastes, then plastics rather than 
metals will carry the bulk of the load. Whether in 
the process of time we shall be able to design 
polymers which are largely inorganic-based, which 
will more nearly simulate the properties of metals 
I cannot say; I rather think we shall ultimately 
succeed in this direction. For the forseeable future 
I think the picture is likely to be that traditional 
materials will carry very literally the bulk loads of 
industry, but the extended applications of the new 
found “Zeta” energy may be carried by plastics 
either alone or in collaboration with metals. 


4.2. Statistical — the economic significance of 
plastics 

From what has been said and, of course, as you 
will substantiate from your own individual experi- 
ence, it is very clear that plastics extend into almost 
every industry, and indeed in many industries their 
role is of a key and indispensable nature. Whilst 
the actual production and fabrication of the plastics 
themselves does not constitute a large industry, and 
the overall world production of these materials is 
small compared with traditional industries such as 
iron, coal and agriculture, it is true to say that today 
many old and established industries could not carry 
on without the assistance of plastics. From the point 
of view of prestige of plastics, it is perhaps un- 
fortunate that in the end-use many of them are not 
evident as such; they are to a very considerable 
extent anonymous materials. Every motor car, radio 
set, indeed almost every industrial machine today, 
carries its quota of plastics, so that in many 
industries plastics hold the key. This spread through- 
out all industry is very significant for plastics, since 
it means whenever any particular industry succeeds 
plastics succeeds likewise, but when any one industry 
falls on hard times the result is not necessarily 
crippling for plastics. In many of their industrial 
applications plastics are co-functional with traditional 
materials, a trend which is particularly evident at the 
present time, and is likely to increase more and more 
as the years go by. 

At the present time America is by far ‘the largest 
producer of plastics in the world, and the industry 
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there has already graduated to what is perhaps the 
acme of industrial perfection, the billion dollar 
status. Next in line in production importance comes 
Western Europe where, according to O.E.C.C. 
statistics, sales exceeded the million ton mark for the 
first time in 1955, 905% of this being accounted for 
by Western Germany, the United Kingdom, France 
and Italy. Since the War Western Germany has 
made amazing strides in the rehabilitation of its 
plastics industry and now comes second ‘to America 
in world rating. Whilst paying every tribute to the 
progress thus made, we must remember that in the 
case of Germany it was rather the rehabilitation of 
an existing industry than the growth of a new one. 
We have little knowledge of what is happening in 
plastics in the Iron Curtain countries, and from such 
examples of products as I personally have seen, it 
would appear that the quality of plastics production 
in Russia, for example, is inferior to our own. Never- 
theless from their technical literature it is evident 
that very considerable strides are being made. Very 
much the same applies to Japan, which has always 
had a considerable and progressive industry, and 
which in the days before the War was well to the 
fore in polymer production. One surprising point 
about the world production of plastics is that despite 
the fact that more and more new materials are being 
manufactured the world over, export figures for 
plastics recorded for all the major producing 
countries continue to rise. 


Another important fact worthy of mention is that 
in spite of the many new plastics which have been 
developed in recent years, very few of the old ones 
of reputable quality have fallen into disuse. Some of 
the pioneers, such as celluloid and casein, are 
certainly declining, but in Britain, at any rate, these 
materials are certainly very much in demand, and 
for many specific purposes are likely to remain so. 
It would appear that as the number of plastics 
commercially available is increasing, industry and 
the using public have become more plastics-conscious, 
so that the overall demand has increased likewise. In 
assessing the value of plastics in a national economy, 
we must remember that the production of these 
materials has stimulated industries which lie both 
before and after them in the production line. Thus 
the need for more chemical ingredients for the pro- 
duction of plastics has stimulated the development 
of the vast oil cracking industries, and in particular 
those producing what are today usually known as 
petroleum chemicals or ‘ petrochemicals’, and like- 
wise the availability of plastics co-functioning with 
conventional materials, and adding thereto their 
quota.of improved properties, has been responsible 
for the developments in the electrical industry, such 
as radio, telephone, wireless, radar and many others. 
Without plastics many of these industries could not 
exist. In assessing the future of plastics production 
in any country we must always remember, however, 
that they are by nature ‘footloose’ industries and 
that exports of plastics from Britain and America, 
for example, have built up considerable fabricating 
industries in remote parts of the world, such as 
Australia and South America. It is quite logical and 








YA eT permis. 









ar 
ies 


he 
or 
ce 
as 
its 
ca 
he 
he 
of 


in 





© | aR eT 














natural that once such fabrication has been estab- 
lished and the end-user products find extending 
markets, the tendency will be to produce the raw 
plastics within the country of the end-use. This is a 
difficulty and danger which is at the present time 
facing the countries which have been traditionally 
responsible for the production of plastics, and the 
losses which inevitably must come in this direction 
can only be made good by extending the use of 
plastics in completely new fields. 

For many years we have been considerably handi- 
capped in assessing the progress of plastics, 
particularly in this country, by the lack of reliable 
statistical data; for many years statistics of pro- 
duction were confined almost entirely to those 
published in America by the U.S. Tariff 
Commission. This was very fortunate from the 
British point of view, since for many years the total 
absence of British statistics gave the impression 
abroad that progress in this country was either very 
limited or non-existent, and from the point of view 
of our own industry it was in consequence often 
erroneously assumed that the pattern of the 
development here followed that which was revealed 
by American statistics. Today the position is 
fortunately a very different one, and we now have 
available to us statistics of production of plastics in 
all the major countries of the world, and although 
in many instances these have to be accepted with 
some reserve and interpreted with caution, they do 
give a picture of world development. The avail- 
ability of these production statistics, as with the 
availability of extended and reliable performance 
data, has in many instances given new and potential 
users added confidence in plastics. The knowledge 
of what a country is using or can use in the way of 
plastics materials, has also been of considerable 
assistance in defining export policy. Such statistics 
show that in many instances plastics have removed 
the traditional barrier between the ‘have’ and 
‘have not’ nations. Some idea of the growth of 
plastic production in the three main producing 
countries is given in Appendix Table 7. 

A very able and well-informed editorial summary 
of the current production position of the plastics 
industry in Britain has just been published in British 
Plastics 28, Overall production is expected to exceed 
the 400,000 tons projected last year, and of this total 
the thermoplastics account for the larger proportion, 
and the difference between the two sides of the 
industry continues to favour thermoplastics. Looking 
first at the thermosetting side, phenolic moulding 
material was among the few which showed little 
change during the year at 25,000 - 26,000 tons, 
against the currently rated capacity of the industry 
of 45,000 tons. Aminoplastic resins by contrast at 
about the same tonnage showed a 20°/ increase on 
last year. Polyester resins showed progress with a 
50% increase on 1956 at around 3,000 tons. In the 
thermoplastic class pride of place still goes to the 
vinyl group, which at 68,000 tons was 30% up on 
1956, and it is estimated that the current capacity 
of this branch of the industry is little more than 
10°, above the 80,000 tons production rate attained 








at the end of last year. Among the major uses of 
p.v.c. a fall has been recorded in the off-take for 
coal mine conveyor belts, which is attributed not so 
much to a fall in demand as to the fact that thinner 
coating layers of the plastic are now applied to the 
fabric core. Next in production order comes poly- 
thene. which at 55,000 tons shows a 40°, advance 
for the year, and the current trend is still upwards 
for both production and use. The third member of 
the poly trio, polystyrene, has shown a substantial 
increase (of the order of 25%) to 29,000 tons, which 
is most pleasing in view of the apparent lack of 
progress in this material for the past four or five 
years. Part of the reason for this increase is the 
bigger demand for high-impact grades for the manu- 
facture of refrigerators, thin-walled containers and 
expanded insulating material, in all of which further 
growth can be expected. 

A notable increase in the demand for acrylic sheet 
and moulding-powder was also recorded, the latter 
accounting for an increase in the I.C.I. output of the 
order of 3,000 - 4,000 tons a year. Nylon extrusion 
and moulding compounds, although by comparison 
relatively small at approximately 1,000 tons per 
annum, showed good progress in 1957. But it is 
perhaps surprising, having regard to the remarkable 
properties of these materials, that their main off-take 
is for the manufacture of combs. Sales of p.t.f.e. are 
also small, but are increasing satisfactorily, so much 
so that it is suggested that the increased production 
capacity of nominally 200 tons per annum at the 
I.C.I. Hillhouse plant may be taken up this year. 
This is a satisfactory position, having regard to the 
fact that the estimated world production of fluorine 
polymers is around 2,000 tons, mainly p.t.f.e. Some 
idea of the significance of plastics exports in the 
economy of Britain will be obtained from the 
statistics collected for the years 1950 to 1957 which 
are given in Appendix Table 8. 


4.3. Summing up — ‘ Whither plastics ?’ 

There was a time, not so many years ago, when 
‘Whither plastics? ’ was a favourite title for surveys, 
lectures and even books. Today the question is 
rarely asked, not so much because in the meantime 
anyone has produced an inspired answer, but because 
it is fairly safe to say we know where we are going. 
When the industry was insecure, when it was by no 
means clear that plastics as a family had any abiding 
function, it was necessary to boost morale by justify- 
ing the existence and prophesying the continuance 
of the new materials. Today, as I have said, plastics 
are so entwined with the vital structure of industry 
that their future is assured so long as industry 
endures. Today we are in the fortunate position of 
the TV comedian who used to say with a superior 
air: “Don’t bother to clap, I know I’m good ”. To 
some extent today in plastics we don’t need boost 
of morale, we know we have the goods. But by this 
I do not imply that we are at all complacent — 
far from it. The current feeling of confidence is born 
rather of the knowledge that, for the first time in 
our history, we have such fuller knowledge of the 
materials and processes we operate as we believe will 
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lead us to attain that greater perfection which is 
now clearly possible. We have available to us a range 
of materials which together with conventional 
materials (and I stress this at all times) can meet the 
exacting needs of our age. We have within our grasp 
for the first time in history the potentiality to pro- 
duce materials in almost unlimited supply, which 
will match the energy which atomic fission is making 
available to us. 

What the pattern of the future is likely to be it is 
difficult to say. According to the fission experts it is 
likely to be 10- 15 years before the energy of which 
Zeta has given promise is to be a realised fact. 
Against that day we could, at the rate of current 
progress, build up a production potential of synthetic 
materials as would go a long way to equate the 
material and energy needs of mankind at present 
standards. 

To accomplish this on the material side we shall 
need considerable perfection of our knowledge of the 
mechanism and kinetics of polymerisation which, at 
the present time though promising, is little better 
than fragmentary. I do not suggest that the next 
decade will show any vast increase in the number 
of commercial polymers available; rather can we 
anticipate that we shall effect an all-round improve- 
ment in the quality of individual plastics. This we 
shall obtain by the use of improved raw materials 
and improved techniques. 

I venture to prophesy that it is on the fabrication 
side that the major strides will be made, and here I 
view fabrication in its broadest sense — fabrication 
of raw plastics and end-products therefrom. To date 
the initiative has been with the chemist, but I feel 
that now the chemical engineer and the mechanical 
engineer will come into power and dominate the 
polymer field. With them even more than with the 
chemist lies the potentiality to improve the quality 
of future plastics. It cannot be too often stressed 
that the quality of the end-products lies in the ability 
to fabricate these with an upgrading rather than a 
downgrading of the delicate structure of plastics of 
which today, chemist and engineer alike, we are so 
conscious. This can be done by process perfection 
which will bring even more under control that arch 
enemy of plastics — heat. This may be attained by 
increased automation, and the development when- 
ever possible of continuously operating processes. 

If we look back we find that many plastics 
attained initial favour because of their allegedly easy 
working; glassfibre laminates were a case in point. 
Experience in this industry has shown that industry 
here started from an entirely false promise, with the 
result that, as Mr. Collinson pointed out in his 
recent Horner’s Plastics Lecture, the  glassfibre 


laminate industry has virtually to start at the be- 
ginning again — this time on a mechanised and as 
far as possible automatic basis. Such is the variability 
possible in the structural make-up of plastics as com- 
pared with metals, that the processes of fabrication 
must be such as at any rate not to add to those 
variables. As I have already said, so many plastics 
in the past have, like food, been ruined in the 
cooking; clearly in the future all attention will be 
turned on the perfection of these ‘cookery’ pro- 
cesses from the raw chemical up to the finished 
end-products. 

In Britain we have a goodly heritage in this new 
field of polymer production. Though not over- 
blessed with raw materials in the widest sense, our 
ability in the field of chemical synthesis will enable 
us to make the best use of those we have or can 
acquire. We have a chemical industry second to 
none in the world, and we can count many notable 
discoveries in the polymer field to our credit. On the 
engineering side we have a tradition for inventive- 
ness and sound construction which again is second 
to none, and I am sure that our engineers will be 
equal to the challenge of the new materials, and will 
both produce them in high quality and apply them 
to good purpose. Many of us who have grown up 
with plastics have had cause to deplore the fact that 
we are an industry without a past. I suggest that this 
is of little consequence and that we should now 
console ourselves that at any rate we are an industry 
with a future — a great future. 

As the pattern of our technological world is 
developing it appears that scientists are dividing 
broadly into two groups — those who take atoms 
apart and those who put atoms together. United 
they can give us energy for all time, together with 
materials far beyond nature’s resources. Such a 
union could lead mankind to a world, if not of 
plenty, at least of adequacy for all. Let us above all 
hope that our collective efforts which at present have 
such great promise may indeed be used to enrich 
the world, and not to destroy it. 
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Appendix Table | 
SPECIFIC STRENGTH OF STRUCTURAL MATERIALS 


(Tensile strength per unit weight) 




















Tensile Density Specific Strength 
Material Strength, \ 
p.s.i. g.fee. tb. fe? in. i. 
Aluminium 30-40,000 2.7 168.5 360,000 30,000 
Brass ... 50-150,000 8.7 543.1 159,000 13,000 
Steel 40-330,000 7.8 488 140,000 12,000 
Copper 60-70,000 7.3 455.1 200,000 17,000 
Zinc 22-30,000 72 448.9 100,000 8,000 
Tin 4-5,000 7.3 445.1 17,000 1,000 
Lead 2,600-3,300 i 687 7,500 600 
Urea-formaldehyde ... 6-13,000 1.5 94 184,000 15,000 
Melamine formaldehyde 7,500-13,000 ‘5 94 184,000 15,000 
Phenol formaldehyde (G.P.) 6,500-8, 500 1.4 8.7 150,000 13,000 
Phenol formaldehyde (asbestos filled) 8,000-10,000 1.8 112 140,000 12,000 
Methyl! methacrylate * 6,000-—10,000 1.2 75 184,000 15,000 
Polystyrene : 5,000-10,000 1.05 65 200,000 18,000 
Cellulose acetate ay = re 3,000-6,000 1.3 82 85,000 7,000 
Nylon (drawn) aes _ oa me 100,000 
Natural silk (raw) és a 64,000 




















‘* Plastics in the Service of Man 
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Appendix Table 2 
STRENGTH OF PLASTICS MATERIALS AND METALS 


(The order of comparative strength of plastics, metals and 
ceramics will be seen from the following table.) 




















Specific | Tensile | Modulus of 

Material Gravity | Strength, | Elasticity, 

Ib./sq. in. | Ib./sq. in. 

Wood ... 0.63 16,000 18 x 10° 
Plywood ... 0.68 9,600 20 x 10° 
Polystyrene 1.06 7,000 4.5 x 105 
Polyamide... sins 1.14 50,000 4.5 x 10° 
Methyl methacrylate 1.18 5,000 5 x 10° 
Cellulose acetate butyrate 1.28 5,000 2.7 x 105 
Hard rubber _ 1.30 7,000 3x 10° 
Cellulose acetate... 1.32 6,700 2.7 x 10° 
Phenolic plastic ... 1.38 7,500 12.5 x 10° 
Lignin fibre 1.45 9,500 17.5 x 10° 
Concrete ... 2.31 200 2x 10° 
Glass 2.60 9,500 9x 10° 
Aluminium 2.70 22,000 10 x FO 
Duralumin a 2.79 55,000 10 x 10° 
Aluminium die cast 2.90 29,000 10 x 10® 
Zinc die cast 6.60 35,000 13 x 10° 
Zinc re 7.14 17,500 12x 10° 
Alloy steel - 7.80 189,000 30 x 10° 
Structural steel ... 7.85 85,000 30 x 10° 
Nickel silver 8.68 108,500 20 x 10° 
K monel ... ie 8.80 185,000 26 x 10° 
Phosphor bronze 8.81 120,000 15x 10° 
Copper 8.89 47,000 16x 10° 
Lead 11.34 2,700 2.5 x 10° 
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Appendix Table 3 


WEIGHT AND DENSITY OF PLASTICS MATERIALS 
AND METALS 


How plastics materials compare in density with the long-tried 
metals, woods and ceramics which are the conventional materials 
of construction will be seen from some of the outstanding 
plastics in the following table. 








Material Weight Ib. /cu. ft. 
Wood ... sce ae se ss 35 
Polystyrene ... ee obs se5 66 
Ethyl cellulose es = aoe 7\| 
Nylon ... 7 =e ae ies 71 
Polymethyl methacrylate... oe 73 
Cellulose acetate butyrate ... ase 75 
Cast phenolic ae die xs 81 
Cellulose acetate... nee a 82 
Vinyl resins... a ae 55% 84 
High-impact phenolic ee es 86 
General-purpose phenolic ... ae 89 
Cellulose nitrate... ies Sie 92 
Urea ... a ‘xe es ae 92 
Melamine _... a see kp 93 
Saran ... iss ae 7 she 103 
Heat-resistant phenolic _... e 112 
Brick ... poe 52 san She 112 
Magnesium alloys... ine kes 112 
Window glass fe ~ axe 161 
Plate glass... _ se oo 161 
Aluminium alloys _... se i” 175 
Cement eve sss oe oe 180 
Zinc .:. eps se re ae 443 
Cast iron an = cop a 450 
BOR nn Se Bes ois bee 456 
Steel ... se ae ss. ae 493 
Brass ... ons ae a= sae 531 
Bronze ise ae nn ips 550 
Nickel. es ane a ee 556 
Copper aS Se oe oe 556 
Lead ... oo as ze me 706 
4 
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Appendix Table 4 
IGNITION POINTS OF PLASTICS MATERIALS 





INSTANTANEOUS 
(less than | sec. contact) 


deg. 








Cast phenolic 


Mica-filled phenolic_ 





Moulded urea__ 





Asbestos-filled phenolic 





Polystyrene 





Wood-flour filled phenolic 


Cellulose acetate butyrate 





Polymethyl methacrylate. 





Cellulose acetate 





Polyvinyl! chloride acetate 


Cellulose nitrate 


Laminated phenolic paper base__- SS 














1600 
1500 
1400 
1300 
1200 
1100 
1000 


800 
700 


MINIMUM 
(up to 10 sec. contact) 
Fahr. 


Moulded urea 


Mica-filled phenolic 

Asbestos-filled phenolic 

Cast phenolic 

Polystyrene 

Wood-flour filled phenolic 

Cellulose acetate 

Polymethy! methacrylate 

_____Laminated phenolic paper base 
Cellulose acetate butyrate 





HTT TT | 





| 
| 
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Polyvinyl chloride acetate 


Cellulose nitrate 


| 
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Appendix 5 
Calculation of processing requirements 


Evidence is being collected regarding the flow 
behaviour of plastics materials in the molten state. 
For polystyrene, for example, it has been shown 
that, over a limited range of pressure (which is 
sufficiently wide to include normal injection mould- 
ing practice), a power-law can be employed to 
represent the relationship between shear rate and 
applied shear stress. In measurable quantities the 
rate of flow of material through a capillary will 
depend on the applied pressure raised to a power or 
Qur 

The fundamental equation can be applied to the 
rate of extrusion from extrusion dies, or to the rate 
at which injection dies can be filled. This latter 
point is of special importance when thin-sectioned 
articles are to be moulded, since the filling- 
time is then a most critical factor. If, from a know- 
ledge of material behaviour in respect of orienta- 
tion, a desirable filling-time can be fixed, the 
developed equations can be employed to discover 
the injection pressure, that will be necessary. 

For example, the equation 

Q= fox DL*+*P* 
227 +lin+2)L" t 
applies to the case of moulding a thin cylindrical 
shape of length L, diameter D, wall thickness L 
where fo is the standardised fluidity, ¢ the filling- 
time and n the ‘power’ exponent. Thus, choosing 
a reasonable value for f,, to mould a cylinder 6 in. 
long, 4 in. diameter and 30/1000 in. thick in section 
at a filling rate of 0.23 seconds, would require that a 
pressure of 3,500 lb. per sq. in. should be available 
at the die entrance. 

This type of approach to engineering aspects of 
plastics processing is certain to increase as the 
fundamental physical properties of the materials are 
more thoroughly understood. 


(See Turner, L. W., Paper delivered 25th March, 1958, at 
Conference on Technology of Engineering Manufacture, at 
The Institution of Mechanical Engineers, London.) 





Appendix Table 6 


Collected list of British Standard Specifications 
relating to the fabrication of plastics materials 
and end-products 


B.S. 488:1948 Moulded insulating materials for general 
electrical purposes. 

B.S. 668:1936 Laminated synthetic resin bonded sheet 
(fabric base) for use as gear materials. 

B.S. 771:1954 Synthetic resin (phenolic) moulding 
materials. 

B.S. 972:1941 Synthetic-resin bonded fabric sheet for 


electrical and mechanical purposes. 


Synthetic-resin bonded-paper sheets for use 
at power frequencies. 


B.S.1137:1949 


B.S.1203 :1954 
B.S.1204:1956 
B.S.1226:1945 
B.S.1231:1945 
B.S.1253:1949 
B.S.1254:1945 
B.S.1314:1946 


B.S.1322:1956 
B.S.1323 :1946 


B.S.1330:1946 
B.S.1348:1949 
B.S.1493 :1948 
B.S.1524:1955 
B.S.1539:1949 
B.S.1540:1949 


B.S.1557:1954 
B.S.1588:1949 


B.S.1589 :1950 
B.S.1755:1951 


B.S.1763 :1956 
B.S.1774:1951 


B.S.1776:1951 
B.S.1885:1952 


B.S.1951:1953 


B.S.1972:1953 
B.S.1973 :1953 


B.S.2004:1955 


B.S.2026:1953 


B.S.2038 :1953 


B.S.2076:1954 
B.S.2456:1954 


B.S.2487 :1954 
B.S.2552:1955 





Synthetic resin adhesives for plywood 
(phenolic and aminoplastic). 

Synthetic resin adhesives (phenolic and 
aminoplastic) for constructional work in 
wood. 

Draining boards. 

P.V.C. cables and cords for switchboard 
panel wiring. 

Technical mouldings (plastics). 

W.C. seats (plastics). 

Synthetic-resin bonded-paper tubes, for use 
as electrical insulation, for power circuits. 
Aminoplastic moulding materials. 
Synthetic-resin bonded-paper sheet( thermo- 
setting) for use in the building industry. 
Interim report on suggested methods of 
testing finished mouldings (plastics). 
Measuring cups and spoons for cookery 
and medicine. 

Polystyrene moulding materials. 

Cellulose acetate moulding material. 
Moulded electrical insulating materials for 
use at high temperatures. 

Moulded electrical insulating materials for 
use at radio frequencies. 
Polythene-insulated cables sheathed with 
p.v.c. for electric power and lighting up to 
250 volts. 

Thermal insulating materials suitable for use 
within the temperature range 200°F to 
450°F. 

Thermal insulating materials (plastic com- 
position, flexible and loose-fill). 

Glossary of terms used in the plastics 
industry. 

Thin p.v.c. sheeting (flexible, unsupported). 
Rainwear from polyvinyl chloride sheeting. 
Part I — Fabrication. 

Fabrication of lightweight articles (other 
than rainwear) from polyvinyl chloride 


sheeting. 
Synthetic-resin  bonded-paper _ insulating 
tubes (rectangular cross-section) _for 


electrical power circuits up to 1,000 volts. 
Thermosetting synthetic-resin bonded-paper 
round tubes for use at radio frequencies. 
Polythene tube for cold water services. 
Polythene tube for general purposes, in- 
cluding chemical and food industry uses. 
Polyvinyl chloride insulated cables and 
flexible cords for electric power and 
lighting. 

Tolerances for mouldings in thermosetting 
materials, 

Rolled sheet metal screw threads and 
associated threads in moulded plastics and 
die cast materials for general purposes. 
Thermosetting synthetic-resin bonded-paper 
insulating sheets for use at radio frequencies. 
Floats for ball valves (plastics) for cold 
water. 


Acrylic resin denture base materials. 
Polystyrene tiles for walls and ceilings. 
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B.S.2571 


B.S.2601 


B.S.2601 


B.S.2601 





B.S.2572: 
B.S.2581: 
71955 


B.S.2739: 
B.S.2746: 


71955 


1955 
1955 


71955 


71955 


1956 
1956 


Flexible polyvinyl chloride (p.v.c.) extrusion 


compounds. 
Phenolic laminated sheet. 
Plastics trays. 


Coated fabric (leathercloth) for upholstered 


furniture (p.v.c. type). 


Coated fabric (leathercloth) for upholstered 


furniture (N.C. type). 


Coated fabric (leathercloth) for upholstered 


furniture (L.O. type). 


Thick p.v.c. sheeting (flexible, unsupported). 


insulation and 


P.V.C. 
cables 


sheath of electric 


B.S.2766:1956 
B.S.2782:1956 


B.S.2782:1957 


B.S.2782:1957 


B.S.2880:1957 
B.S.2906:1957 
B.S.2907 :1957 
B.S.2919:1957 


Appendix Table 7 
PLASTICS PRODUCTION IN U.S.A., W. GERMANY AND U.K. (in 1,000 tons) 





Moulded plastics ash trays. 


Methods of testing plastics. 
Part I — Effect of temperature. 


Methods of testing plastics. 
Part II — Electrical properties. 


Methods of testing materials. 
Part III — Mechanical properties. 


Methods of testing cellulose acetate flake. 
Aminoplastic mouldings. 
Phenolic mouldings. 


Low density polythene rod. 



























































1948 1949 1950 | - 1951 1952 1953 1954 1955 1956 1957* 
U.S.A. ... 713 708 851 926 1,000 1,200 1,662 1,467 1,703 1,995 
W. Germany ... 48 75 108 168 191 225 334 425 505 600 
U.K. 120 100 135 160 150 185 274 329 344 390 
*assessed 
Appendix _Table 8 
U.K. PLASTICS EXPORTS 
YEAR TONS VALUE, Million 
£ 

1950 35,156 9.12 

1951 53,123 16.3 

1952 42,274 13.61 

1953 56,465 16 

1954 68,300 20.53 

1955 73,298 22.81 

1956 84,823 26.13 

111,800 
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THE 1957 GEORGE BRAY MEMORIAL LECTURE 


REPORT AND DISCUSSION 


HE 1957 George Bray Memorial Lecture was 

presented and discussed at a general meeting of 
The Institution of Production Engineers in the 
Chemistry Lecture Theatre ‘A’, University of Leeds, 
on Monday, 24th March, 1958, at 6.30 p.m. Mr. J. E. 
Hill, Vice-President of the Institution, was in the 
Chair. 


The Chairman, welcoming the audience, said he 
felt sure they would have the opportunity of adding 
to their specialised knowledge. It gave him particular 
pleasure to take the Chair because of his long 
association with the Yorkshire Section of the 
Institution, now known as the Leeds Section, and 
also because of his friendship with the late Colonel 
Bray. 

The Institution were indebted to the University 
authorities for the facilities they had made available 
and he thanked the Vice-Chancellor, Sir Charles 
Morris, and the staff for their work in this connection 
and for the close liaison they had maintained with 
the Institution on so many occasions in the past. 


The George Bray Lecture was established by The 
Institution of Production Engineers in 1952, when the 
Directors of George Bray & Company Limited, of 
Leeds, made a generous donation to the Institution, 
so that the income could be used to perpetuate the 
memory of the late Colonel George Bray. The 
Company was inspired to make this gesture because 
of the outstanding services given to production 
engineering by Colonel Bray over many years and in 
particular to the Yorkshire Section of the Institution, 
of which he was at one time President. 


Many of those present had known the late George 
Bray very well indeed. The Institution, and 
particularly the Yorkshire Section, remembered him 
as one of the band of early workers whose help 
and enthusiasm ensured the success of the Section, 
and they were indeed indebted to him. 


The George Bray Lecture was presented at an 
annual national meeting at which a speaker of out- 
standing merit was invited to give a Paper on a 
subject not traditionally associated with production 
engineering. It was fortunate that the word 
“traditional” was used, as the lecturer would 
probably tell them. 
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This was the fifth Lecture in the series. The first 
was also given in Leeds University by Sir Harry 
Pilkington, of Pilkington Brothers, who spoke on the 
manufacture of plate glass. Lectures had also been 
given by Mr. Robert Douglas, Sir Gordon Russell 
and Mr. Stafford Beer. 


It gave the Chairman great pleasure to introduce 
Dr. Yarsley. To go into detail regarding his 
qualifications for giving the Lecture would take more 
time than had been allowed, but he was a man of 
outstanding ability and achievement. 


The Chairman himself always passed over 
educational qualifications for the simple reason that 
personally he had managed fairly well without any. 
Dr. Yarsley had experience in industry and that was 
one of the things that really mattered. He had 
continued for many years as an independent con- 
sultant, a consultant specialising in plastics, and he 
was now in charge of a large staff dealing with 
consultancy and sponsored research and development 
in polymers and related materials. The details of his 
distinguished career were published with the 
Lecture. 


(Dr. Yarsley then presented his Lecture, which 
appears on page 402 - 441.) 


Professor J. B. Speakman (Head of Department of Textile 
Industries in the University of Leeds) said that before 
commenting on the Paper he must refer to the Chairman’s 
opening remarks on the subject of education. No doubt 
he agreed with the Negro gentleman who summed up a 
discussion on education in America by saying: “ Yes, Sir, 
if you ain’t got education, you sure do have to use your 
brains”. He took it that the Chairman, like Dr. Yarsley, 
had indulged in that exercise. 


The lecturer was an expert in his field and he had not 
left much latitude for cross-examination. Attention might, 
however, be drawn to Table 7 in order to make a purely 
general point. This showed plastics production in the 
United States of America, Western Germany and the 
United Kingdom. Some attention had been drawn in the 
Paper to this table, but the striking and also frightening 
thing was that in Western Germany, since 1948 up to 
1957, there was a 12-fold increase in the production of 
plastics. The United States, while showing a smaller rate 
of rise, had something of the order of an increase of 

4 to 3 times. This country was left standing as regards 
the total quantity, even taking into account the difference 
in population. 
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The difference between the three countries was also 
stressed in the text of the Paper, because the source of 
revolutionary changes such as, for example, the continuous 
methods of producing the open-cell flexible p.v.c. and the 
development of the cocoon method of enclosing machines 
as a whole (aeroplanes and others), was in the United 
States. The electrostatic process was presumably not British 
either. Fluidised solid coating was not British. There seemed 
to be evidenced in the production and inventiveness of 
the United States and Germany a reflection on the lack of 
co-operation between the chemist and the engineer in 
Britain. 

A lack of co-operation was hinted at in the Paper and 
to some extent excused. The truth was that this George 
Bray Lecture had the greatest importance in bringing the 
chemist and the engineer together. Would the Chairman 
or Dr, Yarsley say what other methods there might be of 
ensuring that the gulf between the chemist and the engineer 
was bridged ? 

Everyone had seen the invasion of plastics in the home: 
the polythene bucket was a commonplace. Plastics had 
invaded the laboratory and wider fields also. But no one 
could have the slightest doubt that many engineers were 
still reluctant to make use of the new products, despite 
their great merits. 

There was another problem he had been pondering on, 
and he hoped a solution would be found for it. At the 
moment, too much use was being made of foreign patents 
and too little was being done to develop patents in the 
United Kingdom. The attitude of many firms seemed to be 
to let others do the work and to rely on taking out a 
licence to use the subsequent patent. This did not earn 
money for Britain; patents ought to be developed in this 
country, and revenue earned by encouraging others to take 
out licences. In the field of plastics this could only be 
achieved through co-operation between chemists and 
engineers. 

Finally, Dr. Yarsley had pointed out in his Paper that 
a revolution was going on in the chemical field in the 
production of plastics at the present time, starting with the 
work of Ziegler in Germany and continuing with the work 
of Natta in Italy. Chemical firms throughout the world 
were now working on new types of catalyst which made 
it possible to transform the properties of the plastics, as 
Dr. Yarsley had said. 

As normally produced, polystyrene, for example, had 
certain well-defined properties which permitted a particular 
group of uses. But polystyrene produced with the help of a 
Natta catalyst had totally different properties and _ uses. 
Engineers should not assume that the plastics of tomorrow 
would have the same properties as those of today, even 
if they carried the same name, because of these remarkable 
advances in stereospecific polymerisation. 

A revolution was taking place in the chemical field, and 
engineers should be alert to take advantage of the emerging 
range of new plastics. 


Dr. Yarsley, in reply, said he would like to comment on 
production statistics, with particular reference to the case of 
Western Germany. He stressed that as far as Western 
Germany was concerned, since 1948 they were thinking of 
the resurrection of an old industry and not the building of a 
new one. Sometimes when adverse comparisons were drawn 
between production in this country and in Western Germany, 
insufficient credit was given to Britain for having built up 
production out of virtually nothing, whereas the Germans 
had only to rebuild their factories, and resume their 
production tempo at its very considerable War-time volume. 

Also, there was as yet no uniformity the world over 
as to what should be called plastics. The Germans still 
included all their cellulosic compounds such as nitrocellulose 
for lacquers, viscose, etc., and this accounted for their 
remarkably high production figure of 50,000 tons a year ago. 

He had seen a Paper read at the general meeting of the 
Chemical Society of the German Democratic Republic held 
in Leipzig in October, 1956, where statistics were given to 
show that the world increment for the period 1951 - 1955 
was of the order of 78% for East Germany, and for the 
Socialist countries the increment was 216%. What was not 





A guest at the reception preceding the Lecture is greeted 

by Mr. G. I. Bray (right), Sales Director, Geo. Bray & Co. 

Ltd., and (centre) Mr. R. H. Williams Vaughan, a Director of 
the Company. 


said was from what figure they had started, a very important 
point in talking about percentages. 

How was the gap to be bridged ? In his own small 
organisation, where there were chemists and engineers, it 
was his experience that the gap was more rapidly bridged 
when the engineers understood the chemists’ “ shorthand ”. 
It was to the advantage of the chemist that he had this 
shorthand. The chemist could reasonably reckon to be able 
to do by horse sense what the engineer had to learn to do, 
but because of the chemist’s shorthand, horse sense was of 
small assistance to the engineer. 

The engineers now knew more of the rudimentary 
principles on which polymer technology and polymer 
building was taking place. This helped very considerably. 
It was a very difficult problem and he would certainly 
endorse wholeheartedly what Professor Speakman had said. 
He would recommend that if engineers tried a_ plastics 
maierial 10 years ago and found it an utter failure, it was 
high time they tried the modern version. Polystyrene and 
other related materials, on quality alone apart from their 
structural differences, were today unimaginably ahead of 
their counterparts of a decade ago. 

He entirely agreed with the remarks about using other 
people’s patents. The fluidised solid process had two patents. 
One could work from patents under licence, but this con- 
siderably hampered rapid development. A good example of 
this was the case of the Eichengruen patents in 1925 to 
1930 for injection moulding, which completely hindered the 
development of injection moulding in Britain because people 
were not very ready to put down new machines when they 
had to pay 3d. a lb. of plastic injected to the patentees for 
the right to use the injection moulding process. Only in 
1936, when the patents became free, did engineers take the 
injection moulding process seriously and commence 
developing sizeable machines. This was a tragedy from the 
British point of view. Although this country had the 
inventiveness and the knowledge, it still bought processes. 
It must not be forgotten, however, that there had been 
notable instances when patent monopoly had worked to the 
advantage of the British plastics industry, as in the case of 
polythene and “ Terylene ”. 


Mr. F. Cass (Chairman of the Yorkshire Section of The 
Plastics Institute) said that Dr. Yarsley had given such 
comprehensive covering to the whole subject of the fabrica- 
tion of plastics that, as an engineer, he almost hesitated to 
butt in at all and say anything. 

Great stress had been placed on the _ thermoplastics 
which came so much before the general public in the way of 
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polythene and polyesters, glass fibres for motor car bodies, 
motor boats and so on; but probably the plastic which 
interested the engineer most was the old thermosetting 
phenol formaldehyde. Mr. Cass remembered quite well the 
old bucket and spade method of moulding and the results 
obtained. The moulding industry itself thought it had a 
material which would supersede steel and perform absolute 
wonders. Of course, it did not. It had to be used in 
conjunction with the other materials and when this was 
done there was no doubt that it played a very important 
part. Standard tests had now been developed in conjunction 
with the British Standards Institution, which provided a 
good guide to the engineer as to what he might expect 
both mechanically and electrically. 

He did not know whether it was generally recognised 
that phenol formaldehyde mouldings played a large part 
in life generally, in making it easy for the housewife through 
the modern gadgets she used. It had played a large part too 
in developing electrical apparatus, etc. 

It must be recognised that phenol formaldehyde mouldings 
had certain limitations. One was the surface creep or 
tracking which took place under certain conditions; another 
was the very slight movement that took place after moulding. 
These points were taken care of in various ways, some 
by other plastics such as urea formaldehyde, the melamines 
and the alkyds, but these were not the absolute cures. 
They must only be used instead of phenol formaldehyde 
under the guidance of experts. He wondered whether Dr. 
Yarsley could describe any work which had been carried 
out to improve the phenol formaldehydes in this respect. 
Much had been done, but perhaps Dr. Yarsley could give an 
assurance that in the near future these difficulties would 
be overcome. 

Personally, Mr. Cass felt that some of the newer plastics 
were being pushed a little too fast, just as in the thermo- 
setting field they were pushed too fast in the early days of 
the industry. In many cases, whilst the claims were not 
entirely false, they had been made before the fullest tests 
had been carried out, and he would welcome Dr. Yarsley’s 
views on these points. 


Dr. Yarsley, in reply, said Mr. Cass had put the 64,000 
dollar question. He himself thought some of the newer 
materials were being pushed too fast. He had nothing against 
the glassfibre laminates — far from it; they had their 
function and would come into their own. But too much 
stress had in the past been placed on the advantages of 
the use of low or contact pressures in the production of 
laminates. Mr. Collinson had recently pointed out, in his 
Horner’s Plastics Lecture, that the glassfibre laminate 
industry had virtually to start again at the beginning. He 
had stressed that in production economics the most 
important thing was to keep the rain off the workers; 
in other words, to provide factory space, so that if a 


process was simplified by using large numbers of cheap 
moulds, the overall advantage was questionable. A speaker 
from the Bristol Aircraft Company, at the British Plastics 
Convention last year, had said that the glassfibre laminate 














industry had to forget the simplicity theory. These materials 
had gained a bad name because people with inadequate 
knowledge had produced products of extremely poor quality. 
Little progress would be made unless engineers said for 
themselves what glassfibre laminates would do for them, 
and set out anew to base their production on sound mass 
production methods. 

As a cellulose chemist he was a bit out of his depth on 
Mr. Cass’s earlier question. All he could say was that in his 
laboratory some work had been done on surface tracking 
and he would send Mr. Cass a copy of the Paper in which 
improvements were referred to. Improvements to the surface 
of phenolic laminates could improve their electrical tracking 
properties. He could offer no suggestions about creep, but no 
doubt there were better qualified people in the audience who 
could offer some suggestions, 


Professor D. C. Johnson (Head of the Department of 
Mechanical Engineering in the University of Leeds) 
remarked that Dr. Yarsley’s Paper contained descriptions 
of a rich store of new materials and new means of turning 
those materials to use. They were very different from the 
metallic materials with which the engineer was familiar. 
He had wondered, however, why it was that the engineer 
should be just a little worried about this, because after 
all the differences between plastics and metals were no 
greater than the differences between metals and the other 
substances with which the engineer had long been familiar — 
wood and stone. Yet he accepted wood and stone and 
never made mistakes by using stone as if it were wood 
or wood as if it were metal. 

He had then realised that this had really come about 
because with these other traditional materials there had 
grown up a trade, a technique, an understanding of their 
use. Those trades had originally grown up quite separately. 
The carpenter learned how to use wood quite independently 
of the worker learning to use metal. It was only at a later 
stage that the two could be combined and used by the same 
man, the engineer. When plastics came into existence there 
was no established trade. It all happened rather suddenly 
and, indeed, it was that trade, which was now growing, 
to which Dr. Yarsley had devoted his time. 

It opened up great possibilities and it meant that when 
the engineer was faced with a design problem and wanted to 
know what materials to use, he was anxious to know the 
relevant properties of any material he was considering. 
He knew the relevant properties of the old materials by 
heart. He knew stone could not be expected to take tension. 
He knew wood was stronger along the grain than across it. 
These things were very much ingrained in his nature. If he 
understood Dr. Yarsley aright, he was suggesting that in the 
future the idea that plastics were just one thing would go. 
The designer would have to have some idea of the properties 
of the different plastics. The fundamental differences would 
become ingrained in his nature and, therefore, he would 
know how to treat them. 

Professor Johnson himself. felt a little sceptical about this, 
because he had a feeling that Dr. Yarsley and his colleagues 
were going to invent new substances more quickly than 
the engineers were going to learn how to use them. This 
posed a problem, Supposing one started to make a sump 
for a motor car engine, what were the relevant properties 
of aluminium that made it so suitable ? There were a lot 
and most of them were never thought of at all. They were 
taken as read. There was strength against impact from 
stones thrown up; against handling in the shop: and the 
property of not fracturing when stones were thrown up 
was not a simple one. Strength to withstand vibration and 
fatigue limits must be high enough, and furthermore stresses 


Obviously enjoying the occasion are (from left) Mr. J. E. Hill, 
Vice-Chairman of Council; Mr. G. I. Bray; and Mr. J. L. 
Townend, Honorary Secretary, Leeds Section. 
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from the thermal cycle of the engine heating up and cooling 
down must not cause failure. But this was only the 
beginning. The material must stand having hot oil on 
it without being attacked. It must stand splashes of dirty 
water on the bottom without being attacked. It must have a 
coefficient of expansion which was not too different from 
the material to which it was bolted. It must have a Young’s 
modulus sufficiently high to enable an oil-tight joint to 
be obtained at the joint. It must not shrink under the 
load of the tightening nuts, so that they become loose. 
It must have the right heat conductivity. 

He did not suppose he had thought of everything, but 
these items in themselves raised the question whether if 
plastics were selected, the engineer would ever really know 
the right qualities‘of this vast number of new materials. 
If he could not, what kind of tests was he going to use, 
and what kind of tests were used today ? Was there an 
equivalent of the engineer’s Izod test or of ultimate stress ? 
Did these things mean anything ? Could they be translated 
or not ? Was there anything which would enable the 
engineer to say: “ Yes, that would be a possibility. We can 
look at it further’ ? The tests engineers used were not tests 
of the relevant properties. They were only tests of recogni- 
tion. They were the kind of tests one employed in interviews 
when one wanted to recognise the kind of man who would 
do a particular kind of job correctly. That kind of test, of 
course, if one had applied it to Englishmen for some time, 
could be remarkable misleading if one applied it to Chinese. 
Plastics might be a little like Chinese. Could Dr. Yarsley 
suggest any alternative test ? Were there any ? 


Dr. Yarsley, in reply, thanked Professor Johnson for this 
interesting food for thought. All he could say at this 
juncture was that it posed the problem in a new way. 

He had been in the plastics industry for a long time, 
and in that industry they inevitably borrowed techniques 
and test methods from a good many traditional industries, 
some from the natural high polymer rubber and some from 
engineering. A lot of the tests had been modified and 
adapted, and he had tried to stress that point in his Paper — 
particularly showing that plastics were specification 
materials. A long range of specifications had now been 
drawn up. This had frequently been. done by a combined 
effort of manufacturers, fabricators and users generally. 


One of the difficulties at the present time was that 
knowledge of the problem was not of long date. As he 
had said some little time ago, the plastics industry had 
been criticised for the fact that it was without a past, 
but conversely it could be argued that it was an industry 
with a considerable future. But it was certainly very 
difficult when engineers asked how materials would function 
after say, 10 years. Many of these materials had not been 
available for 10 years, and extrapolated tests in the form of 
accelerated weathering and the like could not give the data 
which time alone could provide. Plastics were therefore at a 
considerable disadvantage, and in many instances he had 
seen problems settled at this stage by a compromise, the 
new materials being insinuated on to the old and co- 
functioning therewith. Gradually the new materials would 
show promise in a new line, and be pushed further along 
in this way. 

On the point that it might be confusing that there were 
so many plastics materials, Dr. Yarsley thought it was Mr. 
Renfrew, of I.C.I. Plastics, in a Paper to the S.P.E. some 
years ago in America, who said that there were not likely 
to be these continued rushes of new chemical compounds, 
and that chemists had now to some extent exhausted the 
fairly obvious and reasonable arrangements that could be 
expected. Within every family, as within the families of 
steel, brass and other metals, there were slight variations 
of composition and quality which gave a new brand. But 
he did not think that in the near future there would be an 
avalanche of new chemical compounds that would inundate 
the poor engineer so that he would be bewildered. He 
might have to learn that materials under the same general 
designation, e.g., under the name of styrene or polythene, 
might be quite different today from a few years ago, and 
might differ still more in a few years time. He might have to 
learn that a Natta polystyrene had a softening point 





With Dr. Yarsley (right) in this group at the reception are 
Professors Speakman, Johnson and Whewell, of the University 
of Leeds. 


considerably different from the softening point attainable 
by the conventional methods. 

He thought progress was being made in the direction of 
establishing tests to give engineers information which would 
satisfy them. 

As to the vulnerability of materials, he did not think 
metals were entirely faultless) Much had been heard in 
recent years about fatigue in aircraft materials, and in this 
connection he personally had been heartened after listening 
to an engineer friend who had beguiled a long train 
journey with an explanation of brittle fracture in metals. 
This had made it evident that traditional materials with 
which plastics have to compete were in actual fact far from 
ideal, and to some extent it was time to say that the 
intensive study of the physical properties of plastics had 
focused increased attention on the traditional materials 
with which they had to compete. Today all materials, 
both traditional and new, metallic and non-metallic, might 
be regarded as one family from which the engineer must 
draw for his many and very different structures, and in his 
own interest he should know as much as possible about all 
of them. 


Dr. C. G. Addingley (British Belting & Asbestos Ltd.) said 
that most of the points he wanted to make had been touched 
on, though perhaps from a different angle, by previous 
speakers. 

He had been struck by Dr. Yarsley’s remark that at one 
time plastics were described as the grave of lost hopes for 
engineers. He was inclined to think they were now often the 
point of last resort. 

Engineers had a habit of asking for a plastic material 
which had some particular property which they desired 
and could not get elsewhere, and at the same time expecting 
all its other properties to fit in with an existing design 
which they were unwilling to modify. 

In respect of measurement and standardisation of physical 
and mechanical properties, much progress had been made. 
As Dr. Yarsley had indicated, some 50 B.S. Specifications 
had already been issued. In general, however, the test 
methods used were those traditionally applied to metals. 
These might give misleading results. Steel up to its yield 
point could be regarded as a truly elastic material, but most 
plastics were visco-elastic, and showed pronounced creep 
tendencies. For example, tests had been reported (“‘ Modern 
Plastics”, vol. 27, page 93, 1950) on a Phenolic plastics 
material with a tensile strength of 7,500 p.s.i. tested by 
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normal methods. Creep measurements on the material 
showed that the maximum stress it could sustain over a 
five-year period was only 2,000 p.s.i. 

An example of practical application of plastics where 
suitable physical test methods were needed was the case 
of reinforced plastics pipes. Kellam has examined their 
potentialities as conduit to carry underground high voltage 
electric cable and concluded that new methods of evaluation 
were needed (“Reinforced Plastics”, vol. 2, page 16, 
October, 1957). 

The main purpose of these remarks was to emphasise the 
need for the co-operation of physicists and engineers, both 
in devising test methods for plasties products and also in 
producing designs which were suited to the known 
advantages and limitations of plastics. 


Mr. Griffiths, speaking as a fundamental engineer, asked in 
what branch of engineering was it expected to use plastics ? 
Was it machine tool engineering, or shipbuilding, or loco- 
motives, or cotton machinery and things of that sort ? He 
thought not. Plastics did not enter into those fields of 
engineering. But they could enter engineering somewhere 
between, and the motor car offered a very useful field for 
plastics. 

He was at present interested and concerned in motor car 
engineering, and an effort had been made to put to the 
plastics engineer the type of plastics material that was 
required, These various names were all very well, but what 
engineers wanted was something that enabled them 
physically to do certain things. The big problem in the 
motor car engineering world was that for every ton of 
finished motor car, there was 1 ton of waste material. This 
was caused by the basic shapes of the materials used; and 
it was obvious that something different was required if an 
inroad was to be made into the massive waste of material. 
Plastics had something to offer with what he, as an engineer, 
called “ squirt forming’. It offered the greatest scope, and 
it meant that there would be very little waste. 

What was required ? Something that was stable within 
certain ranges of temperature. In the motor car industry 
stability was required between -50°C and +100°C. If the 
chemist could enter into engineering round that point and 
give stability between —50°C and +100°C, there was no 
doubt that the motor car body, mono blocks, and so on 
could be considered. 


Dr. Yarsley, in reply, said there was again a lot of food 
for thought in what Mr. Griffiths had said, but it would 
be a long time in his opinion before motor bodies were 
‘squirted ’, though he could see the possibility of making 
them in other ways. The mould and machine costs would be 
considerable. It was difficult enough to design a 6 lb. bin; 
what would it be with a unit of the shape of a motor car 
body, which was presumably what was in mind ? 


Mr. Griffiths then mentioning panels, Dr. Yarsley 
agreed that would be better. Such a _ unit would 
offer a more controlled flow of the plastics binder through 
the reinforcing mass which was essential to give the 
required degree of orientation to long chain plastics molecules. 
This was all right in some Cases, and for simple shapes it 
might be possible to “ squirt”, but probably for the applica- 
tions Mr. Griffiths suggested, the glassfibre reinforced 
materials would be nearer the requirements. The particular 
properties which plastics can offer result by reason of their 
peculiar molecular architecture compared with that of 
metals in which the molecules are packed neatly within the 
crystal lattice. Among the many attractive properties of 
plastics they had a high damping factor, which was 
particularly useful in motor car body manufacture. As far as 
he knew the great difficulty was price. He thought head 
liners had been produced for car bodies by means of the 
vacuum forming process, and liners had also been formed 
for the inside of the body of the car, but the price was so 
high that it was difficult to meet. The prices one was 
accustomed to encounter in metal were certainly far below 
those quoted for plastics. Although there had been an 
attempt in the old days to dodge the issue and make out 
that they were not so expensive and could be made less 
expensive as production volume increased, it had been 
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found that there were limits, and it had to be admitted that 
they were a priori expensive materials, It was difficult for 
plastics to compete in motor car manufacture on the 
stressed parts, but he did not think Mr. Griffiths had those 
in mind. 


Mr. Griffiths, concluding his remarks, said he must press the 
point that the stuff of which the washing bowl was made 
would be perfectly satisfactory for boots, lids, outer Wings 
and doors, if it would stand a temperature ‘of -50°C to 
+100°C. This was the important point. 


Mr. Rodger asked whether Dr. Yarsley could give the 
connection between the gate size outside area and the 
volume of anything being injection moulded in cellulose 
acetate. Was there a definite relationship ? 


Dr. Yarsley said that there was a relationship. He thought 
that was one of the points his colleague Mr. Turner was 
dealing with at the forthcoming Conference in London, 
organised by The Institution of Mechanical Engineers. He 
could not give the information here and now, but would send 
it to Mr. Rodger. 


Mr. J. L. Burbidge said he would like to bring the 
discussion back to the question of co-operation between the 
chemist and the engineer. It seemed to him that the 
chemist was developing materials with special properties, 
and was then expecting the engineer to find applications 
for them in engineering. The engineer, on the other hand, 
was faced with material selection problems and was expecting 
the chemist to find special materials to fit them. It was most 
unlikely that they would be able to alter this state of 
affairs, and it seemed to him to be a problem for electronic 
data processing. 

There ought to be a centre to which anyone who had 
material of which he knew the properties could send this 
information. The same centre should then be used by 
designers with material problems, to find out what material 
would best fit their purpose. Was anything being done along 
these lines in industry in Britain ? 

(In a written comment subsequent to the meeting, Mr. 
Burbidge said he had since been put in touch with a new 
company in Farnborough, who were tackling this “ clearing 
house” problem in much the way he had suggested, but so 
far without the aid of electronic data processing.) 


Dr. Yarsley, in reply, said he had not heard the use of a 
computer suggested for such a purpose before. His knowledge 
of what computers would do was limited, but the cost would 
probably be a deterrent initially, unless there was a big 
centre to which a lot of information could be fed and 
which served a number of industries. In the latter case, 
it might be economic. 


Mr. R. Rajan (British Motor Corporation) suggested that 
the engineer must first evaluate the properties of his 
materials. To look at them on paper did not mean very 
much, because with new materials it was necessary to apply 
new laws. 

Some experiments had been made with nylon gear 
wheels. The properties of steel had been examined, and 
they had been taken as a yardstick of the requisite properties 
if a material was to do its job. Nylon wheels would not 
satisfactorily meet these requirements. But if one went 
further into the matter and carried out tests, one found that 
nylon, which actually had a very much lower tensile 
strength, would more than withstand the stress requirements, 
and in addition would do the job better. On analysis, this 
was found to be because nylon was a resilient material 
and, therefore, had certain properties not found in a steel 
wheel. With a steel gear there was a line contact and 
single tooth loading. With a nylon gear there were up 
to three teeth in contact at any one time, due to deforma- 
tion of the material. In addition, there was complete tooth 
contact, not just along the line. Therefore, one could use 
a material which on the face of it could not do the job one 
wanted it to do, and get away with a number of things. 
These new laws were true not only of plastics material but 
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of a lot of other materials which on the face of it would 
not do the job. 


One reason why engineers used a certain material was 
that it was the only material they had had in the past. 
If these new materials were to be used, there must be a 
whole new evaluation. What did this mean ? Mr. Griffiths 
had pointed out that for every ton of motor car put on the 
road, a ton of material was wasted. That ton in itself 
was not the end. There was the capital expenditure that 
had to be put on the shop floor in order to cut away that 
ton of material. It would do a lot to reduce overheads if 
capital expenditure could be cut out somewhere along the 
line, either at the beginning or towards the finished 
product. In the end, it would reduce the cost of the 
article. 


Dr. Yarsley had said plastics were expensive materials; 
therefore, they could not be used very much in engineering. 
He himself begged to differ. Nylon at 7s. 6d. per lb. was 
competitive in a large number of cases with cast iron, purely 
on wastage of material. In addition, there was the fact 
that an article could be made by injection moulding which 
was completely finished, and did not require cutting opera- 
tions, thread milling and so on. 


Dr. Yarsley said that a very interesting point had been 
made. He did not think he had said that because plastics 
were expensive materials, they could not be used in 
engineering. He had merely sounded a warning that they 
were expensive materials, Engineers had used these materials. 
Gland packings were one of the outstanding examples. 
P.t.f.e. at £21/lb., when made into a gland packing, com- 
peted on performance and longer life with tin, lead and 
metal foils which were used conventionally, and in addition 
the machines in which they were incorporated did not have 
to be taken down so frequently. This far outweighed the 
initial cost. Nylon gear wheels had the advantage of being 
stress free, and offered advantages in surface friction and 
so on. 


But it was difficult to get engineers to appreciate that for 
years they had been using things they did not want. 
Chipboard (particle board) was a case in point. When chip- 
board was tried against tree board and broke under the 
load of a 17-stone man, people said: “Look, it breaks” 
But they conveniently overlooked the fact that if tree board 
had been tried under the same conditions it would have 
broken too. Their argument and general approach was 
conditioned entirely by users’ convention, and many users 
conveniently overlooked the fact that many traditional 
materials were used for applications in which many of their 
physical properties were not used to the full. To reject 
plastics material which had the necessary strength, for 
example, to meet a particular use, simple because per se 
it was less strong than the material traditionally used for 
that purpose, was manifestly unfair to plastics. Engineers 
should be prepared to take a completely new look at the 
materials offered to them, and use them new and old alike, 
on the basis of the performance they could offer for any 
specific purpose. Plastics laminates with less than half the 
strength of steel might nevertheless do quite satisfactorily 
many jobs in which steel was traditionally used. 


Dr. Yarsley agreed with Mr, Rajan’s subsequent suggestion 
that prices should be quoted in pence per c.c., not shillings 
per pound. 


Mr. D. H. Turnbull (7. S. Harrison & Sons Ltd.), speaking 
as an engineer, suggested that as a result of the Lecture and 
discussion, summarised information should be made available 
for engineers in simple, non-chemical language on the 
different types of plastics, their properties, the variation 
of those properties, present and possible future applications 
and trends, the weaknesses found in these applications and, 
most important of all, their economics. 

If this information were available, together with informa- 
tion as to where further specialised advice could be obtained, 
this would be a great help. Engineers realised there was 
much they did not know regarding this very young and 
flourishing industry. 








Dr. Yarsley said some publications along these lines were 
available. 


Economic conditions changed rapidly, and it was 
difficult to persuade manufacturing firms to give more than 
very wide and general price quotations. Such comparative 
price guidance could no doubt be obtained from the British 
Plastics Federation. 


The Chairman invited Mr. G. I. Bray (Sales Director of 
George Bray & Company) to propose a vote of thanks. 


Mr. Bray said he was particularly grateful for the 
opportunity of proposing a vote of thanks. Apart from his 
natural appreciation as a member of the audience, he had a 
special reason for wishing to pay tribute on this occasion, 
as representing his family, his co-directors and _ has 
colleagues in the firm, many of whom were present. They 
very much appreciated the great honour the Institution paid 
to the memory of his father in inviting such distinguished 
speakers to present Papers on these occasions. 


He felt sure he was speaking on behalf of everyone 
present in saying how glad they were that Dr. Yarsley had 
accepted the Institution’s invitation. The feature that stood 
out particularly in his own mind was Dr. Yarsley’s courtesy 
in going to such considerable time and trouble — as it must 
have been — to prepare his preprint especially for their 
benefit. 


He had referred to it as documentary, and this was 
self-expressive; but it was a great pleasure, and most 
refreshing, to be able to listen to someone of acknowledged 
eminence in a specialised field who had cultivated the gift 
of making his subject matter intelligible to those whose 
expertise might lie in different directions. Dr. Yarsley’s 
undoubted success in this direction had added immeasurably 
to their interest and instruction. 


Whilst it might be a little premature to announce a 
forthcoming marriage between plastics and the production 
engineer, at least they might perhaps announce the engage- 
ment that evening. The next period should be one of getting 
to know each other. He personally was in no doubt of the 
outcome. 


There had been so many highlights not only in the lecture, 
but in the discussion, that he felt he could not touch 
on any of them to advantage. He would, therefore, like 
to finish by proposing the heartiest vote of thanks to Dr. 
Yarsley for a most stimulating and enjoyable evening. 


The vote of thanks was carried by acclamation. 
The Chairman said he would like to thank the audience, 
many of whom had come at least 50 miles, for their support. 
It was a great pleasure to see them. 


The proceedings then terminated. 





JOURNAL BINDERS 


Strongly-made binders for the Institution Journal, 
each holding 12 issues, may be obtained from Head 
Office, 10 Chesterfield Street, London, W.1, price 
10/6 each, including postage. 


RESEARCH PUBLICATIONS 


The Institution is advised by PERA that Dr. G. 
Schlesinger’s book on “Accuracy in Machine Tools : 
How to Measure and Maintain It” is now out of 
print and cannot, therefore, be supplied. The 
following I.Prod.E. publication is, however, still 
obtainable from PERA at “ Staveley Lodge ”, Melton 
Mowbray, Leicestershire. 

“ Practical Drilling Tests” by D. F. Galloway and 
I. S. Morton. Price 21s. 
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Air Gauging — 


History and 


Future Developments 


by C. J. TANNER 


A Faper presented at the Compressed Air Conference, Cornwall, in April, 1958. 


S electronics are increasingly used as the “ brains ” 

of automatic machining, so air-operated gauges 
will be chosen as the ‘“‘ eyes”, to assess and signal 
or send impulses, according to how the process is 
running. 

Present-day standards of dimensional accuracy, so 
important to the life and functioning quality of the 
finished product, can only be obtained with the help 
of modern gauges. These gauges must nowadays be 
accurate to a hundredth of a thousandth of an inch, 
make high magnification size indications possible, be 
reliable in service, fast in operation and convenient 
in use. 

The inflexibility of an automatic process, and the 
often over-close relationship between the machining 
accuracy required and that obtainable from the 
machine tool, as well as the rigours of workshop life, 
combine with other factors to single out air-gauging 
as the indispensable key in its sphere of application, 
to progress and evolution in production methods. 

Air operated gauges are no new invention. The 
first exploratory gropings for them took place almost 
certainly towards the end of, or soon after, the First 
World War. But, perhaps since early inventors were 
mainly unsuccessfully occupied with solving what 
have now become parameters off the main field of 
air-gauging, a valid basic principle was not established 
until Marcel Mennesson did so, a decade later, in the 
form of a flowmeter for carburettor jets. Next, in 
April 1932, to a sitting of the French Academy of 
Science, Mennesson presented a Paper describing how 
his flowmeter could be adapted to measure linear 
dimensions. 


Other applications for his revolutionary invention 
came thick and fast to his mind, and long before the 
outbreak of World War II, the biggest proportion 
of present-day gauging problems had already been 
solved by him and examples were in use, mainly in 
France and Germany. Mennesson, therefore, is the 
true father of air-gauging. 


448 


However, in terms of numbers in use and ancillary 
refinements, air-gauges began their most rapid 
development later still. From the late thirties onwards, 
particularly with the pressure of War production, the 
industrial world turned at last wholeheartedly to 
air-gauges. Ever since then the field has become wider 
and wider in terms of variety as well as numbers of 
applications; that is to say, the choice between 
different variants of the air-gauging principle has 
equally become wider. Today, the mists of the future 
of air-gauging unroll each day to show still more 
fertile fields ahead, with gauging progresses hand-in- 
hand with other factors in the forward march of 
industrialisation. 


the basic principles 


The features and characteristics of any gauging 
installation should, for purposes of considering its 
qualities, be clearly allocated to one of four distinct 
headings: 

1. the taking of the measurement; 

2. the “ reporting ” of it; 

3. the general mechanical features (presentation 
of the gauge to the part or vice versa) and 
convenience of reading; 

4. the maintaining and servicing of the installation. 


The first two aspects are those of basic importance: 


(a) the geometrical correctness of the method of 
part location and of “ sensing” the required 
dimension, and 

(6) the accuracy, in service as well as in theory, of 
the method of amplifying and relaying the 
results of this ‘‘ sensing ”’ to the size indicator. 


However, the present state of development of air- 
gauges, and practical considerations, often lead to the 
would-be user paying more attention to the latter two 
points than to the former. It is time to say that the 
latter aspects are.of great importance provided the 
Sormer are assured and unaffected: in fact, it is in the 
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refinement of characteristics ancillary to the gauge 
proper that most of the competition between various 
air-gauging systems lies today. 

Because of the importance of the basic accuracy of 
any gauging system, this must be ensured prior to 
beginning any efforts to refine it. I will first examine, 
therefore, if at no great length, those considerations 
relevant to taking and reporting of the measurement 
required. 


1. taking the measurement 


This is, in the largest number of cases, an identical 
problem for all metrologists. It is a geometrical 
problem, of ‘‘ holding the part” and locating and 
deciding the form of the measuring points. Thus, 
relevant considerations are basically the same, 
irrespective of the gauging system being used (i.e., 
however much an inadequate gauging system may 
fail to encompass the problem of faithfully reporting 
this act of measurement to its visual size indicator). 

There are, however, many special cases where on 
this score air is strikingly at an advantage over other 
systems because of its very fluidity — for example, 
the measurement of cross-sectional areas such as jets, 
nozzles, yarns, wires, etc., on delicate surfaces and of 
dimensions based on axes which are not “ fixed ” 
during measurements. 


2. ‘ reporting’ the measurement 


Here air is outstandingly attractive as a medium — 
so far no other system can compare with it on the huge 
majority of problems. In effect, the special inherent 
qualities of air-gauging are not all embodied in every 
air-gauging system — this is where differences in 
principle begin between air-gauging systems. 

In general, however, the most striking feature of 
air on this, the other basic aspect of any gauging 
problem, is the possibility of obtaining magnification 
and reporting of the sensory (size-taking) device’s 
finding, without mechanisms of any sort. This can 
avoid errors from such causes as hysteresis, back-lash, 
wear, vibrations, operator uncertainty, fragility, and 
other confidence destroying phenomena. 

For many years it was thought that the major 
advantage of air-gauging was that non-contact 





measurement can so often be provided. That it is 
sometimes an advantage (deformable or delicate 
parts) is certainly true, but it is now generally 
recognised that air-gauging retains its superiority in 
cases where contact measurement can be used. This 
is because the true quality of air-gauging is the use of 
air to amplify and report, and not (in general) because of 
its use in taking the measurement. The writer goes 
further, and maintains that non-contact measurement 
can, in fact be considered as only the secondary, 
however often compulsory, type of solution by air- 
gauging — to be used when the contact solution is 
inadequate, but not in preference to it normally. It 
is even possible that the earlier preoccupation with 
the special advantages of non-contact measurement 
and the incorrect insistence upon describing its 
importance as being basic in air-gauging, concealed 
from many for years the true worth of the air-gauging 
in relation to mechanical and other principles. The 
true situation is discussed a little more fully in what 
follows. 


basic solutions in air gauging 


It may be remarked in passing that the simplicity 
in functioning and use of air-operated gauges in no 
way implies that the technical considerations involved 
in the choice of, and in then obtaining, the air flow 
characteristics required in. each case, are anything 
like as simple as they seem. They are not. In practice, 
too, considerations born of the handling problem, and 
of the comparative convenience to the operator of 
various forms in which readings can be given as well 
as of the maintenance and servicing problems, can 
often further complicate the issue by affecting the 
validity of the original basic solutions to the two 
fundamental points discussed above (i.e., of the four 
headings as set out). 

Methods of taking the measurement can be broadly 
classified under three headings: 


1. by restriction (Figs. 1 and 2) 


Here air is fed through a jet which of itself partially 
obstructs free flow. Thus the degree of obstruction 
can be used, as will be explained later, to give a flow 
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Manager in 1954. 


Mr. Tanner served his apprenticeship in the Tool Room of The Sunbeam Motor Co. Ltd., 
Wolverhampton, and it is worth noting that in 1922 this firm was one of the few to have a 
Trade Apprenticeship School run by the management. 


In 1931, Mr. Tanner was associated for a short period with H. M. Hobson Ltd., Wolver- 
hampton, in their Experimental Department, and in 1934, he joined Messrs. G. H. Alexander, 
of Birmingham, in charge of Inspection and Planning of sub-contract jigs and tools at a neu 
factory at Dudley. He remained there until 1939, when Messrs. Rolls-Royce established thei 
new factory at Crewe, for the production of Merlin aero-engines, and Mr. Tanner took charge 


In 1952, he joined his present Company, Solex (Gauges) Ltd., and was appointed General 
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Fig. 3. Direct measurement by non-contact jet. 
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Fig. 4. Single diameter air plug. 
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value to that jet compared with a known master. 
This was the first application of air-gauging, now 
nearly thirty years old, checking carburettor jets. 

Fig. 2 represents one of a number of other early 
applications on the same lines. In most practical 
cases each of such problems is special, difficult, and 
adds little to the fund of experience in the work which 
forms the main activities of a commercial gauging 
concern, and therefore none was _ energetically 
pursued when first brought out. The National 
Physical Laboratory has, as one example, however, 
since the War revived a number of such early solutions 
incorporating their own experimental control/indi- 
cating system to complete the installation. Typical, 
therefore, of these problems is that shown in Fig. 2, the 
obstruction of flow through a jet, by passing a wire or 
thread or other porous articles such as wool or, as has 
been done, cigarettes, into the jet. 


2. by direct measurement 


Here, for reasons easily understood, a merc orifice 
through which the flow of air is restricted by the 
orifice’s proximity to a wall (of the part to be 
measured) is not enough to assure proper readings of 
comparative size against a master. A correct jet, 
with provision for free exhausting of the air after 
passing the measuring area, is used (Fig. 3). The 
measuring jet (S$) is then fixed, and the flow of air 
through it varies because the jet is nearer to, or 
further from, the wall of the part to be measured. The 
flow can then only be influenced by variations in the 
distance (d) between the jet and the wall (P) of the 
part. In such cases, more than one measuring jet (5) 
may be used. If two are mounted in the skirt of a 
plug gauge at either end of a diameter, the insertion 
of the plug into a cylinder will allow measurement 
of the diameter of that cylinder by measuring the total 
flow through both jets. 

It may be noted that it is over an area on the surface 
of the component, that the jet measures — an area 
represented by the annulus formed by the jet’s inside 
diameter (D) and the equivalent area on the wall of 
the part opposite. The annulus formed by the jet 
land plays also a secondary but not negligible part 
in the measurement. 





Fig. 5. Two-diameter (dual) air-plug. 
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Figs. 4 to 8 show the same principle applied to a 
few of the many measurements which can be taken by 
two or more jets in circuit, and all of these become 
self-evidently possible as soon as Fig. 4 is examined; 
indeed, these and many others have been typical 
Mennesson solutions for many years. Freedom from 
the influence on the reading, of the position of the 
component being checked in relation to the gauging 
head, is the aim of many such arrangements. Res- 
tricted space and “ linking ” of several inter-related 
measuring points to give one reading (average 
diameter measurement for example), or delicate 
surfaced parts, are reasons for choosing this type of 
solution. 


3. by indirect (contact) measurement 


A number of variants of this method exist, but in 
one form or another the bulk of air-gauging problems 
are probably solved this way today. Fig. 9 shows a 
typical example — a poppet valve type, the tip of 
whose stem rests on the component. The “ size” of 
this component at the point of measurement gives a 
certain degree of opening to the valve. Such 
‘* indirect ’? measurement heads are generally called 
“enclosed measuring jets”. Subject to the same 
laws of air flow as direct measuring jets these units 
can likewise, where space permits, be “ linked ” to 
give measurement of special types of ‘‘ dimensions ”, 
such as bore-to-face-squareness, straightness, etc. etc. 
They, too, can be designed to give special character- 
istics to the form in which the measurement is 
“reported” to the indicating instrument, to suit 
various user requirements. 





Fig. 6. Determination of lobing (three jets). 





























Fig. 8. Determination of squareness (bore to face). 
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Fig. 7. Determination of bore alignment. 











Fig. 6(a). Determination of average diameter or ovality 
(six jets). 
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Fig. 9. Contact type unit. 
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T will be obvious from the foregoing that the 

measurement of dimensions by the restriction, by 
one means or another, of the rate of flow of air through 
a jet, can only be accurate if the air is accurately 
controlled as to its supply pressure to such a jet. The 
means available to do this are many and various, and 
normally every system, for reasons which, though 
arbitrary, are none the less based on valid “‘ customer 
requirements ”, can be put under one of the two 
headings: (a) high pressure and (b) low pressure. 


These categories are normally taken to be: (i) over 
1 Kg/cm?*, and (ii) under, say, 120 grs/cm?. 


There are a few specialised systems which do not, 






































H G 
Vv a 
: * ne 
— Pp ae bs 
’ 
. Nasities 
_. oe 
T s 
“feast fapet 1 F-- 
© oe. <7 gt 
Hs! is) /5 
=o 
S| Rt | EF h 
s eas Beit 
ae ee | 
5 ES * 
= =s Se] SS -— 
E zs} jee) Er 
u _- Baer om 
—Soosese—| Fr 











Fig. 10. The SOLEX principle. 





for one reason or another, fall neatly into these 
categories, but since they do not play a great part in 
general air-gauging we can afford to leave them aside. 
The “ classes ” are really mostly for convenience and 
the main differentiating characteristic is in the 
comparative air consumption between types —a 
more important point than it might seem at first 
glance. 


Before passing to a consideration of some of the 
air control indicating systems available, it is appro- 
priate to note that it has been frequently, but 
inaccurately, said that air gauges can be divided into 
what are then termed “ back pressure ”’ and “ direct 
flow ” classes (with ‘‘ differential ’’ systems forming a 
third type). The fact is that what is perhaps the best 
known of the so-called ‘ direct flow ” gauges is also 
itself a back pressure gauge — it uses the pressure 
difference caused by air flow through a vertical, 
tapered tube passing the restriction formed by a float 
or bobbin. It is a most successful method in very 
many respects, though it has its disadvantages. To 
put the matter in its correct light, the attempted 
distinction referred to is at best only an arbitrary one 
of degree, not one of principle. It is comparable 
to the difference between a voltmeter and an ammeter 
— they differ only by the arrangement of external 
resistors. This indefensible classification — direct 
flow or back pressure — would have no significance 
even if it were correct, since air gauges are based on 
the rate of flow of air and differ only in their methods 
of measuring this. It is hoped that the technical 
inaccuracy in existing literature which has dealt with 
“direct flow” and “ back pressure ” distinctions, 
has been made clear, the main point being the resul- 
tant difference in characteristics. 


Turning then to some details of a few of the more 
important of the various control/indicating instru- 
ments (which we call ** Air Controllers ’’) the first to 
consider must be the original Mennesson-designed 
instrument (Fig. 10). It is technically valid today, with 
adequate inbuilt accuracy of reading from the start 
and still after 30 years of dividing the inch more and 
more precisely, it is perfectly capable without modifica- 
tion of more than meeting the vastly more precise limits 
of modern production technique. There are now a 
number of cases on the production line where the 
third and fourth of the four qualities mentioned at the 
beginning of this Paper — the secondary ones of 
auxiliary mechanical features and characteristics for 
ease of operation, and design features for servicing or 
maintenance simplicity — have to be built in, thus 
changing the outward appearance and adding to the 
adaptability of the instrument to conditions of use. 
Since the basic principle remains unchanged, the 
diagrammatic outline shown in Fig. 10 will largely 
explain the diagram of the developed instrument 
(Fig. 15). 


The SOLEX principle and the basic developments 
of it are made valid by meeting two conditions: 


1. Air must be delivered to the system at a rigor- 
ously constant pressure (H), uninfluenced by 














consideration of atmospheric conditions at any 
time; 

2. There must be no uncontrolled leakages of the 

air between the control jet (G) or the measuring 
jet (S). 

These conditions are satisfied by the use of an air 
controller (Fig. 10) and proper connections between 
the air controller and the gauging head. Constant 
pressure is achieved by means of an hydraulic over- 
flow. Air, from a compressor or factory air-line, is fed 
into the instrument — so long as the air line pressure 
(P) is higher than (H), which is the length that 
the open-ended dip tube (7) is immersed in the 
reservoir (R), air will escape by bubbling from the 
lower end of the dip tube. 

Thus, so long as air is bubbling from here, the 
pressure of air in front of the control jet (G) will be 
rigorously constant. Increase or decrease in air-line 
pressure wil] merely cause a greater or lesser degree 
of bubbling. 

Having controlled the pressure of the air, the latter 
then passes through the control jet, which meters the 
amount at that pressure (H), which can be delivered 
to the measuring jet (S$). 

The manometer () is placed between the control 
jet and measuring jet, and variations of flow through 
them cause the pressure (h) to push the water column 
to a greater or lesser extent down the manometer 
tube. The only variations being those of the flow 
through the two jets, this simultaneous, balanced, 
flow in series through the orifice of known size (G) 
and (S), eliminates any influence of the ambient 
atmospheric conditions such as temperature, humidity, 
barometric pressure, etc. Thus, variations in flow 
can only be caused by variations of (S$) — that is to 
say, variations in the dimension to be measured. 

The air controller is connected to the gauging head 
by means of an airtight flexible connection of suitable 
length. 

The method of air-gauging described so far was the 
first to be developed commercially. ‘Though based 
on exactly the same principle, many variations in the 
particular instruments used have been developed 
and quite a few have appeared on the market. 

In one obvious method, used almost from the 
beginning and representative today of a number of 
makes, the precision hydraulic air regulator as 
described above is replaced by a commercial regulat- 
ing valve and a standard Bourdon Pressure Gauge is 
used to indicate the readings against a calibrated 
scale. 

In view of the normal available types of instrument, 
a constant pressure of 30 to 40 Ib. is usable for this 
type of air gauge. 

Most makers endeavour to improve on the standard 
commercial accuracy of both reducing valve and 
pressure dial gauge, in order that the pointer move- 
ments will not be affected by backlash of the gear 
mechanism (Fig. 11). Amongst other manufacturers, 
this type of equipment is produced by Messrs. Pratt & 
Whitney, and Federal and Mercer. 

By using a differential manometer, ie., a Null 
method, the effect on the readings of the instability 
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Fig. 11. Diagram of Bourdon tube air circuit. 


of the reducing valve can be eliminated to a certain 
extent. In this type of air gauge, the intermediate 
chamber is duplicated and a reference nozzle, usually 
adjustable, is placed at the outlet of this second 
chamber instead of the measuring jets. 


A differential manometer connected between the 
two chambers shows if the flow of air through the 
gauge is higher or lower than the flow through the 
reference, the reference jet being adjusted initially to 
balance a master component; any component which 
balances the reference is identical to the master 
independently of the constant pressure, and any 
difference in size will be shown on the indicator — 
but the reading is not dependent of the actual value 
of the constant pressure. This system is similar to one 
used by The Etamic Co. Ltd. (Fig. 12). 
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Fig. 12. Etamic principle. 
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Fig. 12(a). Variant of Fig. 12. 


In another variation of the differential air gauge, a 
lower pressure is used, between 2 to 10 lb. p.s.i., with 
an improved air regulator, and the water column is 
retained for sensitivity and reliability. 

With this type of gauge it is, however, necessary 
to include some means of preventing the water 
flowing out of the manometer tube, when removing 
the gauge from a component, or inadvertently closing 
any reference orifice or measuring jets. 

A classical way of solving this problem is by sepa- 
rating the manometer in two portions, by an 
extremely flexible membrane limited in movement. 
This system is used extensively by Messrs. Sigma 
in multi-gauging applications (Fig. 13). 

In a more definite departure from the classical 
types of air gauging systems, the flow of air through 


the gauge is measured with a Rotameter type of 


Fig. 13. Diagram of Sigma air circuit. 
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indicator working in a tapered glass tube. In this 
system, the difference of pressure is now constant, 
and it is the restricted orifice which is variable. A 
pressure to the order of 10 lb. is usual with this type 
of equipment, but a special type of reducing valve is 
necessary to ensure absolute accuracy. This system 
is used by Messrs. Sheffield of U.S.A. (Fig. 14). 


Each type of instrument therefore has its own 
advantages and disadvantages. Some of these are 
important, some not. For example, the instrument 
shown in Fig. 10, designed some 30 years ago, 
numbered among its advantages, from the start, 
low pressure and the control jet system, and with its 
observance of Boyle’s law, consequently obtains 
stability of individual scale calibrations under varying 
atmospheric conditions. No maxi-mini setting pieces 
are needed therefore—just one reference piece of any 
known size in or near the component tolerance. What 
is often considered of much greater importance is its 
comparatively low air consumption. It incorporates a 
liquid column manometer which has proved superior 
to alternative indication on the score of its ease of 
reading, always a virtue, but one which becomes 
striking in multi-column installations. It was in 
the past conversely criticised with debatable 
justification for slowness in giving a reading (usually 
the length of connector between gauging head and 
controller has been advanced as the explanation, 
which is technically incorrect) for the need for topping 
up the water reservoir at regular intervals, and for 
failing to ‘‘ clean ” the part as it measures it, in cases 
where a direct jet is used in the presence of an oil 
film. These were all criticisms, not on the vital first 
two of my four headings, but on the score of the third 
and fourth headings—convenience of use and main- 
tenance. These problems were completely overcome 
in a developed version (Fig. 15) which incorporates 
other refinements as well, while remaining exactly 
on the original sound basic principles. 

The instruments shown in Figs. 11 to 14 and 
others also have their advantages and disadvantages, 
and one can remind all concerned that what may 
be valid criticism today may be out of date tomorrow, 
as fresh developments and improvements come along. 
Air gauging is a live and rapidly growing branch of 
industry. 


Fig. 14. Diagram of the Sheffield air circuit. 
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some present day applications 


Practically every application, from a pure gauging 
point of view, can trace its ancestry back 15 years or 
more on the air gauging side, and further still on the 
pure geometrical side. Thus the large part of the 
interest of all these modern applications lies, as I said 
early in this Paper, in the refinements incorporated 
to improve handling of gauge to part or vice versa, or 
to improve the way in which the reading is given, 
and also to make such gauges easier and more 
satisfactory to service and maintain. Hydraulic or 
pneumatic insertion and extraction of components 
or gauges, gauging stations built into conveyor lines, 
gauges fitted on to machine tools, gauges built into 
machine tools, gauges signalling defects or information 
to an operator, setter or electronic brain, gauges used 
for tool-setting or slide adjustment, gauges which 
work more reliably than before with the minimum of 
attention, gauges which are “ fixed ”’ to check a given 
dimension only, gauges which are adjustable for use 
on many different components — none is altogether 
new, all are gradually improving and becoming easier 
to use. 

Application techniques become easier to under- 
stand and to develop if a proper definition of the 








Fig. 15. Diagram of general air controller circuit 
showing one gauging section only. 
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main categories of use is attempted. This is par- 
ticularly so in times of rapid change and progress, 
when new words like “‘ Cybernetics ” are flying from 
mouth to mouth and not always ending up with the 
same meaning with which they started. 

The following, therefore, is an attempt to define only 
some of the newer of these expressions, and the 
gauging installations shown and described in Fig. 16 
to Fig. 29 are designed to illustrate examples in 
practical use. 

Production gauge: used by the machine operator or 
setter to assist in machining the component to the 
required size by measuring the part during or after 
the maching operation. (Fig. 16) 

Setting adjustment gauges: gauges used by the machine 
operator or setter to translate the findings of the 
production gauge into accurate manipulation or 
setting of the machine or tool. (Fig. 17) 

Production (or inspection) gauges: which check 
dimensions outside the machine operator’s control, 
but usually within the setter’s control. 

Line inspection gauges: often incorporating both 
setting checks and production checks, whether or not 
the indications of such gauges are directly used to 
manipulate the machine tool. (Figs. 21—29). 
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Fig. 16. Production type adjustable hand/snap 
gauge for measurement of crankshaft dia- 
meters on the machine. 





Fig. 17. Production type measurement of piston skirt 


diameter at two positions beside the machine (after 
machining). 








Fig. 18 (right). Setting adjustment type feed gauge, 
for determination of wheel slide movement, 
mounted on external grinding machine. 


Fig. 19 (left and below). Automatic machine 
control gauges incorporated in_ transfer 
machine, checking various bores. The machine 


stops if tolerance limits are exceeded. 
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Fig. 20. Grinding caliper gauge used for sizing during 
The machine is stopped automatically 


grinding operation. 


when size 








is reached. 





Feed gauge: a form of setting adjustment gauge 
where slide movements are used to produce the 
required dimension. (Fig. 18) 


Machine control: the use of process gauges at/or on 
the machine—the using of both production gauge and 
setting gauge—often called Combined Gauging 
ascertaining dispersion and drift of tool wear and 
allowing early corrective action to be taken. 


Automatic machine control: the use of a production 
gauge linked to the machine (sometimes first to 
signal them) to stop the latter when a given size 
(control limit) is found on any one or more usually 
a series of components (see automatic sizing). (Figs. 19 
and 30) 

Automatic sizing: a form of automatic machine 
control where the in-feed of the machine is slowed 
down and then stopped when a given dimension is 
reached during machining of an individual com- 
ponent. (Fig. 20) 





Fig. 21 (above). Line inspection—multi-table cabinet, checking 
oil pump body in nine dimensions. 
Fig. 22 (left). Line inspection — multi-gauging installation in 
conveyor track line, gauging simultaneously all main bores, 
camshaft bores and alignment. Ovality is checked by rotation 
of gauging mandrel, Four and six cylinder blocks are 
accommodated by air-switch. 
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Fig. 23. (Right) Line 
inspection — _ cylinder 
liner gauge checking bore, 
external diameter, flange 
diameter and _ thickness. 
(Left) With the panels 
removed the component is 
located on flange, and 
foot-pedal air cylinder 
operation allows gauge to 
enter component, thus 
indicating visual panel 
dimensional variations. 
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Fig. 24. Line inspection — a later development of multi-gauge for liner measurement, 
showing different construction of air ring gauge for checking the external dimensions of 
component. Operation is by foot-pedal, using standard air cylinder equipment. 


Fig. 25. Line inspection — 24-column gauge for checking 

diameter of valve guides (two measurements taken in each 

diameter) four or six cylinder, as required. Gauges are 

actuated into component by an air switch. Retraction is by 

foot-pedal (air cylinder) and ovality is determined by rotation 
of gauge, when required. 


Feed-back control: the use of an automatic pro- 
duction gauge to cause, by its indications, automatic 
movement of the machine or tool of a given amount, 
or to a given automatic setting gauge, with the 
intention of moving the size of the (usually, succeeding) 
part near the other side of the tolerance limits. (Fig. 20) 


These examples are only a very few of the many air 
gauge installations which are extant, from many other 
designers in many countries. They are all. com- 
parators, that is to say, they all are designed to give 
a reading by comparison with a reference ‘‘ master ” 
of known size — not as an absolute size reading against 
their own inbuilt datum size or sizes. It has some- 
times been said that such “ absolute” gauges are 
what we should strive for and towards, as being a 
big step forward from the comparator. This may be 
so when the absolute gauge is really absolute, but 
there is no foreseeable date now when one could say 
that such gauges might be available. So long as any 
element of error or doubt can exist as to the size 
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Fig. 26. Line inspection — multi-gauging application for 
conn-rod, checking simultaneously three-diameter positions, 
large bore three-diameter positions, small bore twist and 
alignment of both bores, external diameter of large end, 
and oil hole freedom from blockage in both bores. 


given by an indicating gauge, a reference master and 
a comparative size reading will be the only acceptable 
method for every gauge user. 

Lastly, metrology, and particularly air gauging, so 
far from lagging behind production methods as in 
Europe it did only a few short years ago, is now on the 
verge of overleaping the progress of other services to 
which it is an indispensable ancillary. The immediate 
future must see ever closer co-operation between 
machine-tool designer and gauge-designer, if we are 
not to fall behind other countries in the rate of our 
technical progress and independence in production 
and production methods. The compressed air 
industry can foresee the ever-increasing use of air 
gauges, carrying air into wider and fresh fields, 
bringing new problems but also new scope in its 
applications. 

I have made no attempt to include a complete 
bibliography on air-gauging, as the available material 
is massive, much of it derivative in character, and 







































Fig. 28. Line inspection—a further development of crankshaft 

gauging. The component is located in vees by means of 

pneumatically operated roller clamps, and air cylinder equip- 
ment is applied for pressure on datum faces. 


Fig. 27. Line inspection — crankshaft gauging installation — 

component located in pneumatically operated centres. To 

unload the component, the centres are retracted by foot- 

pedal. Nine diameters and one length check are gauged 
simultaneously. 


some technically unsound in parts. The few 
references chosen, therefore, represent only what I 
have thought to be of special interest complementary 
to this Paper. 


(SEE FIG. 29 OVERLEAF) 
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Fig. 29. Line inspection and grading — 
24-column gauging __installation _—for 
checking cylinder block bores, actuated 
throughout the air cylinder and switches. 
The component arrives at the brushing 
station where bores are cleaned; the 
location of the cylinder block in the 
gauging station actuates an air switch 
which lowers air jet plugs into bores. The 
grading is automatically stamped on the 
side of the component in situ. 











THE PRINCIPAL OFFICERS, 1958 - 1959 — continued 
He left E.M.I. in 1953 to become Managing Director of High Pressure Components Ltd., West Drayton, 
and remained there until last year, when he established the Company of which he is now Chairman. 


In addition to serving as a Member of the Institution’s Council, Mr. Bowen is a Past President of the 
London Section, has served on the Education Committee, and was Chairman of the Programme Committee 
for the highly successful Conference held at Harrogate in 1957. He is also a Member of The Institution of 
Mechanical Engineers, and a Gold and Silver Medallist of the Junior Institution of Engineers. 


The Vice-Chairman of Council 


Mr. R. H. S. Turner, M.A.(Cantab.), M.I.Prod.E., has been elected Vice-Chairman of Council. Mr. Turner 
is Director and Works Manager of Metropolitan-Vickers Electrical Co. Ltd., Manchester. 


The Principal Officers take office as from Ist July, 1958. 
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The President 


THE PRINCIPAL OFFICERS, 1958 - 1959 


The Council of the Institution announces with pleasure that The Rt. Hon. The Earl of Halsbury, F.R.I.C., 
F.Inst.P., M.I.Prod.E., has accepted an invitation to remain in office as President for a further year. The 





Institution is indeed fortunate in having such an active President, 
who has visited many Regions and Sections during the year. In 
addition Lord Halsbury has been a regular attender at Council 
meetings, and at the Finance and General Purposes Committee. His 
advice and guidance have been of very great benefit, the impact of 
which is likely to be felt throughout the future. 

Lord Halsbury has been since 1949 Managing Director of the 
National Research Development Corporation, which was set up 
under the Development of Inventions Act, 1948, mainly to ensure 
the development and exploitation of inventions resulting from 
public research. 

Born in 1908, Lord Halsbury was educated at Eton, and on 
leaving went into the City to study chartered accountancy. But he 
soon turned to science, and as an external student of London 
University took a B.Sc. degree with first-class honours in chemistry. 
His first industrial appointment was with Lever Bros., Port Sunlight. 

During the War, at the research laboratories of Firth-Brown, 
in Shefheld, he worked on the design of special steels for the blades 
of gas turbines and jet engines. In 1946, he became Research 
Manager and later Works Manager of the Decca Record Co. Ltd., 
where his main research target was the production of gramophone 
records in unfilled plastic suitable for long playing records with 
silent surfaces. 

Lord Halsbury was a Member of the Advisory Council of the 


Committee of the Privy Council for Scientific and Industrial Research from 1949 - 1954, and is now a member 
of its Mechanical Engineering Research Board. He has been Chairman of the Science Museum Advisory Council 
since 1951. He is also a Vice-President of the Parliamentary and Scientific Committee; Chairman of the National 
Institute of Industrial Psychology; Vice-President of the Royal Institute of Philosophy; and a member of the 
Court of Governors of the Manchester College of Science and Technology. 

He is a Member of the Manchester Joint Résearch Council; a Member of Council of the Royal Society 
of Arts; and a Member of the Grand Council of the British Empire Cancer Campaign. 


The Chairman of Council 


Mr. H. W. Bowen, O.B.E., M.I.Mech.E., M.I.Prod.E., has been elected Chairman of Council to succeed Mr. 
H. G. Gregory. Mr. Bowen has taken a leading part in the activities and development of the Institution since 








he became a member in 1934. Born at Criccieth, North Wales, 
in 1898, he is imbued with all the vigour, enthusiasm and 
shrewdness of the Welsh temperament, qualities from which the 
Institution will assuredly benefit during his term of office as 
Chairman. 

Mr. Bowen, who is now Chairman of Damic Controls Ltd., 
Uxbridge, has had a spectacular career in industry. Following 
service as a Flying Officer in the Royal Flying Corps in the First 
World War, and an apprenticeship with the Montreal Water and 
Power Co., he joined the Canadian Electric Steel Co., in Montreal, 
as a mechanical draughtsman, subsequently moving to the Hall 
Engineering Co., Montreal, as Chief Draughtsman. He returned 
to the United Kingdom in 1923, and became Production Engineer 
with W. T. Glover, of Manchester. 

Following similar positions with British Celanese Ltd., Derby, 
and the Ford Motor Co., in 1933 Mr. Bowen was offered, and 
accepted, an important appointment with Vickers-Armstrongs Ltd., 
at Barrow-in-Furness, who were responsible for the manufacture 
of battleships, cruisers, big guns and a variety of intricate mechanical 
and electrical equipment. He remained at Barrow until 1940, when 
he joined E.M.I. Factories Ltd., Hayes, as Joint General Manager 
(later Managing Director), thus achieving, as a comparatively young 
man, a very high appointment in British industry. 

(continued on facing page) 
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Mr. H. B. Dauncey, Member, has just completed 
50 years’ service with Messrs. T. H. & J. Daniels 
Ltd., Stroud, and to mark the occasion he was 
presented with a silver tea service and a cheque. 
Mr. Dauncey began his career with the Company 
aS an apprentice, and has held successively the 
positions of Draughtsman, Chief Draughtsman, 
Assistant Works Manager, Works Manager, and 
Director of Special Projects. He is Chairman of the 
Western Section of the Institute of British 
Foundrymen. 


Mr. J. D. Joy, Member, will relinquish his position 
of General Works Manager at Samuel Fox on 3lst 
August, and will move to Appleby-Frodingham as a 
Director and General Works Manager, with a view to 
becoming Deputy General Manager on Ist January, 
1959. 


Mr. J. G. Miller, Member, General Works Manager 
of Hardypick Ltd., has now retired. 


Mr. J. R. Moore, Member, has been appointed 
Director and Divisional Manager of the Fisher 
Governor Company, which is a subsidiary of Elliott 
Automation. 


Mr. W. Winters, Member. Director and General 
Manager of the Coventry Victor Motor Company 
for the past seven years, has been appointed a 
Director of the Triumph Engineering Co. Ltd., 
Coventry. 


Mr. F. O. Ackroyd, Associate Member, has been 
appointed to the Board of Crofts (Engineers) Ltd. 


Mr. J. W. Dunford, Associate Member, Chief 
Designer, has been appointed to the Board of 
Directors of Highfield Gear & Engineering Co. Ltd.., 
Huddersfield. Mr. Dunford will continue in his 
position of Chief Designer. 


Mr. D. Hitchings, Associate Member, has relin- 
quished his position of Work Study Engineer with 
the Glacier Metal Company and has taken up an 
appointment as Chief Instructor (Work Study) with 
British Railways (London Midland Region). 


Mr. J. J. Lynam, Associate Member, who has for 
many years represented John Lund Ltd., is also to 
represent Stanley Machine Tool Co. Ltd., New Bank, 
Halifax, and Maiden & Co. Ltd., Hyde, Cheshire. 
He will cover Lancashire and the North West area. 


Mr. S. M. Maude, Associate Member, has been 
appointed Works Manager of Anderson Springs and 
Dee Kay Ltd. 
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Mr. J. Raeside, Associate Member, has now left 
Hurst Nelson Company, Motherwell, and has taken 
up a position with The Rivet Bolt & Nut Company, 
Seatia Works, Rutherglen. 


Mr. R. G. Richardson, Associate Member, has 
recently been elected a Member of the American 
Society of Automotive Engineers. 


Mr. R. H. Seally, Associate Member, has recently 
relinquished his position of Technical Sales Engineer 
with W. E. Sykes Ltd. (Australian Branch) and has 
taken up an appointment of Methods Engineer with 
A.E.I. Pty., the Australian Associate of B.T.H. and 
Metropolitan-Vickers Electrical of England. 


Mr. W. P. Shead, Associate Member, has been 
appointed Lecturer and Consultant with the 
Engineering & Allied Employers’ West of England 
Association. 


Mr. James F. Spencer, Associate Member, has been 
promoted Lecturer responsible for Production 
Engineering in the Department of Mechanical 
Engineering at Doncaster Technical College. 


Mr. A. W. Wentworth, Associate Member, has 
recently relinquished his position with the Technical 
Enquiry Service of PERA and has now joined the 
Sperry Gyroscope Co. (Bracknell Division) as Chief 
Jig and Tool Draughtsman. 


Mr. B. L. J. Hart, Associate, has recently left 
the Department of Work Study and Staff Training 
of the Engineering & Allied Employers’ West ot 
England Association, to take up a position in the 
Computer Section of The British Tabulating Machine 
Co. Ltd. Mr. Hart was responsible for developing 
training courses in Production Planning and Control 
in Bristol. 


Mr. T. R. Knowles, Graduate, has taken up an 
appointment of Assistant Lecturer Grade ‘B’ in the 
Production Engineering Department of the Harris 
College of Further Education, Preston. 


Mr. P. B. Nair, Graduate, has relinquished his 
position as Industrial Consultant, Beacons (P) Ltd., 
and is now Assistant Works Manager, Asbestos 
Cement (Private) Ltd., Bombay. 


Mr. M. J. Walsh, Graduate, has taken up an 
appointment with The English Electric Co. Ltd. at 
Liverpool, as Chief of Production Control, Domestic 
Appliance Works. Mr. Walsh has just returned from 
the U.S.A. after a short visit to study methods 
employed there in this particular field. 
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Obituary 


Mr. F. T. NURRISH, M.B.E., M.I.Prod.E. 


most active workers. 


in January, 1952. 


N 8th May, 1958, Mr. Frederick Thomas Nurrish, M.B.E., died at the age of 61, 
and The Institution of Production Engineers, in common with other educational 
and industrial institutions (particularly in Yorkshire) suffered the loss of one of its 


Starting as an engineering apprentice with J. H. Tucker & Co. Ltd., of 
Birmingham, his subsequent career established for him a reputation, first as a 
designer of special machinery and equipment, and afterwards as a production 
engineer, works manager and director. 


He joined George Bray & Co. Ltd. in 1920, and was appointed to the Board 
of George Bray & Co. Ltd. and of Bray Accessories Ltd. in August, 1942. On the 
death of Colonel George Bray he became joint managing director of those companies 


He devoted considerable time to work for the Institution, was a Member of the Yorkshire — afterwards the 
Leeds — Section Committee for many years; was Past President of the Yorkshire Section, Past Chairman of 
the East and West Ridings Region and gave invaluable help as a member of the Conference Organising 
Committee. He took keen interest in the work of the Institution Research Committee of which he was a past 
member. At the time of his death, Mr. Nurrish was a member of Council. 


In spite of his many industrial activities he always found it possible to devote a considerable amount of 


time to young peoples’ organisations. 


In any work that Fred Nurrish undertook he was enthusiastic, thorough, and never content until all details 
had been decided upon and the work in hand proceeded with as quickly as possible. 


In later years he suffered severely with chest troubles and those of us who knew him well were always 
deeply impressed by the cheerful manner in which he endured his physical difficulties. 


The Institution and other organisations in which he was interested will certainly miss his help and wise 


counsel. 


J. E. HILL. 








FINANCING OF 
ADVANCED SANDWICH COURSES 


Since the White Paper on Technical Education 
was published in February, 1956, the number of 
advanced sandwich courses, under which students 
spend part of the year in a technical college and 
part in industry, has increased from 100 to over 
200, and the number of students taking them from 
2,000 - 3,000 to 5,000- 6,000. The objective is to 
raise the number of students to 15,000 - 20,000, and 
so contribute to the building up of the supply of 
technologists which the country needs. 

With a view to stimulating the spread of these 
courses, particularly among medium-sized and small 
firms, the Ministry of Education and the Federation 
of British Industries have been reviewing the arrange- 
ments for giving financial assistance to students who 
wish to take them. 

The Federation of British Industries, in a policy 
statement issued recently to all members, stated its 
belief that industry, by enabling selected employees to 


pursue advanced sandwich courses, in addition to 
supporting day release schemes, acted in its own as 
well as in the nation’s interest. The Federation 
recommended to its members that firms which already 
pay their students’ fees and salaries should continue 
to do so, and expressed the hope that firms sending 
students on advanced sandwich courses in the future 
would follow this example, since it stimulated the 
student’s sense of loyalty to the firm and strengthened 
the firm’s ties with the college. Such payments were 
treated as normal business expenses for tax purposes. 


The Ministry and the Federation recognise, how- 
ever, that there are and will continue to be firms 
who do not feel able to meet the whole cost of such 
training. There will, therefore, be a continuing 
number of such students who will look to local 
education authorities for aid. In a memorandum 
issued at the same time, Mr. Geoffrey Lloyd, the 
Minister of Education, recommended local education 
authorities to give sympathetic consideration to such 
applications, 
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Hazleton Memorial Library 








ADDITIONS 


Aluminium Development’ Association, London. “A Stresses and the Tool Engineer 
Symposium on Aluminium and its Alloys in Electrical Henrikson, Erik K. “Residual Stresses from 
Engineering . . . London, May, 1957.” London, the Machining Operations.” 
Association, 1957. 369 pages. Illustrated. Diagrams. 20s. Harrington, John A, — “Stress and High Temperature 
Contents: Session 1 General and economic con- in Grinding.” 
siderations in using aluminium in electrical engineering Rolling Technique 
Economics of aluminium in electrical engineering Appleton, Clifford T. ‘Fundamentals and Application 
Aluminium and its alloys in electrical engineering of Thread and Form Rolling.” 
Fundamentals of jointing processes for aluminium. Bergman, J. W. “ Another Revolutionary Process 
Session 2 Aluminium in transmission and distribution Power from Rolling.” 
lines Aluminium for overhead distribution lines ; 


Medium and low voltage insulated aluminium conductored Tool Design 


cables for the distcibution of electricity. Session 3 Ellis, John L, “A Machineable Heat Treatable and 

Aluminium in electrical equipment i The use of Weldable Cemented Carbide for Tooling Purposes.” 

aluminium in the construction of transformers Rubenson, J. G., and Butterworth, G. S. “ The 

Aluminium and aluminium alloy busbars Aluminium Inchwork Motor. 

in telecommunication cables Aluminium in the British Machine Tools in the Oil Industry 

telephone service French experience with aluminium “ Ridgway, W. F. “Special Machine Tools for the 

conductors in electrical equipment German experience Oil Country.” 

with aluminium electrical equipment. Aluminium Noble, Wiley B. “Threads that Hold the String 

conductors applied to electrical transmission lines in Together.” 

Italy The use of aluminium strip conductor in Ceramic Tool Symposiums 

electrical equipment. Rea, Robert F. “ Background and Properties of Oxide 
Anderson, Chester Reed, and others. ‘* Business Reports : _ Cutting Pools. ; 

Investigation and Presentation” by Chester Reed Cook, N. H. “A Review of Published Russian Work.” 

Anderson, Alta Gwinn Sanders and Francis William Moore, H. D., and Smith, P. A. “A Comparison of 

Weeks. 3rd edition. New York, London, etc., McGraw- Workpiece Finishes Produced by Ceramic and Carbide 

Hill, 1957. 407 pages. Diagrams. 46s. 6d. _ Tools. re 7 

A comprehensive textbook on the production of business Cook, N. H. * Cutting lool _Temperatures. 

reports of various lengths and kinds. It includes advice Allen, J. F. “Ceramic Cutting Tools Applied to 

on the collection of data, the orderly arrangement of _ Production Jobs. : oan 

information, on literary style, and on layout and othe1 Kibbey, D. R., and Morris, W. T. — “Analysis of 

aspects of physical presentation. There are useful sections Variables in Ceramic Tool Cutting.” i 

on the preparation and presentation of bibliographies Haeme, Alfred O., and Hook, Robert r’. “ Industrial 

and indices, which, while not long enough to do more _Application of Ceramic Pools. ; ; = : 

than indicate the principles and demonstrate some of the Weller, E. J. “Cemented Oxide Cutting Tools in 

routine of these tasks, should stimulate the reader to _ Service. - : ‘ a 

undertake them carefully and methodically. Much of the Kennedy, _W. B. Experimental Machining with 

book is devoted to the fundamentals of clear writing and _** Ceramics. ; , was 

orderly thinking and so repeats what has been written Engle, E. W., and Barnes, G. W. —— “Ceramic Tools: 

in many textbooks of language and elementary logic. _ the Challenge of Physical Properties. 

The book is nevertheless a useful compendium and guide. Ziatin, Norman “Ceramic Machining Developments 

i at Wright Aeronautical Division, Curtiss-Wright 

American Society of Tool Engineers, Detroit, Michigan Corporation.” 

“Collected Papers, 1957." Technical Papers and Plastic Tool - 

; : . : : Se Se iia. ie astic Tooling Symposiums 

and Panel Conferences presented at 25th anniversary a llnalggs ta 1 “What are Plastics ?” 

meeting. Detroit, the Society, 1957. 43 parts in folder. Don on Eli N Wher * disomic sais 

Illustrated. Diagrams, £5. orman, E lott N. vat Properties are Available 

: in Plastics : 

Contents : Juras, Appy. “The History of Plastic Tooling.” 

Polk, Louis “Heritage and Growing Abundance ” Oye, Lloyd J. “The Fabrication of Plastic Tools.” 

First Eli Whitney Memorial Lecture). Bogart, L. W. “Tool Applications of Plastic 
Registration Benefits to the Tool Engineer in Industr) Materials.” 

Andrews, W. M. ‘The ‘Why’ of Registration and Weaver, William “Known Limitations of Plastic 
the Benefits Accruing.”’ Tooling.” 

Thomas, C. Y. “ Registration: Industry’s Point of View.” Rice, George M. “Can Plastic Tools be Repaired 

Management and the Tool Engineer and Modified ? ” 

Belcher. Herbert R. “Labour Control Experience in Delmonte, John “Control of Physical Properties.” 

Aircraft Repair.” Sokol, Benjamin. “Repair and Modification of 
Scharff, S. E. “Some Economic Aspects of Machine Plastics Tools.” 

Tool Selection.” Arrufat, Walter J. “Plastic ‘Tooling for Small Parts.” 
Engineering Behind and Earth Sate llite Launching Ruddiman, Edsel a Experiences with Plastic Tooling 
Winter, Maholon * Launching the Man-made Moon.” Ricpss the Stamping Plant. : A 
Sipe, Raymond G “Tool Barincerime for Project Price, W. Robert, and Peerman, D. E - “ Polyamide 

Vanguard.” Resin Alloys in Practical Tooling Applications. 
Designer-Tool Engineer Co-operatior Standards and the Tool Engineer 
Halverstadt, R. D. “Design for Machining Heat Hoffman, S. David “ Standardisation and the Legal 

Resistant Alloys.” Angles.” 
Wennberg, Jens L. “ Chip-breaking Characteristics of Holmes, J. Q. “Conception and Development of 

Titanium.” JIC Standards.” 
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NMobuux Créadse. is a lithium-base 


lubricant of excellent structural stability and 
purity. It is a new, general-purpose grease 
superseding conventional greases. It provides 
effective lubrication for the majority of grease 
applications over a temperature range from 
minus 20°F to 250°F. It is exceptionally resistant 
to water washing and contains special 
additives to prevent rust formation. Both in 
the laboratory and in the field Mobilux Grease 
has proved its outstanding efficiency as a 


lubricant and protector. 
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Why consult your 
| Paint Manufacturer 


about application METHODS ? 


Who else is so vitally concerned with every new development in 

application methods? Because each process calls for special formu- 
lations, R.I.C. technical staff keep ahead of changes in Europe and 
America by co-operating with manufacturers of application plant 


before it reaches the market. 


Paint users find this knowledge valuable when finishing methods are 
under review, knowing that R.I.C. have nothing to gain in recom- 
mending one method against another, except the goodwill that 


follows a better finish or a more economical schedule. 


(lent by any method 


INDUSTRIAL PAINT FINISHES 










ROB’ INGHAM CLARK & CO. 


Westmorland House, 127/131 Regent Street, Londor, W.1. Telephone: REGent 0831 


BRANCHES AT BELFAST + BIRMINGHAM «+ BRISTOL + GLASGOW «+ LEEDS + MANCHESTER 
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W. L. Hemer, 6 Bedford Street, Brooklyn Park, South Australia. 
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H. B. Davies, 77 Longview Road, North Balwyn, Victoria, Australia. 
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SOUTH AFRICA 
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UNITED KINGDOM 


H. W. White, “ Spring Pools’’, 677 Birmingham Road, Lydiate Ash, Bromsgrove, Worcs. 
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A. S. Hopkins, 39 Oaks Road, Kenilworth, Warwicks. 

P. Warburton, 16 Vicarage Road, Chellaston, Derby. 

G. R. Wimpenny, 16 Tickhill Square, Denaby Main, Doncaster. 

J. Nicolson Low, Technical College, Bell Street, Dundee. 

A. S. Wilson, Ferranti Ltd. (Laboratory Workshop), Ferry Row, Edinburgh, 5. 

W. H. Marley, G. & J. Weir Ltd., Cathcart, Glasgow, S.4. 

B. E. Gwynne Clarke, ‘“‘ Chez-Nous”’, Okus Road, Charlton K:ngs, Cheltenham. 
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H. F. Harker, Ransomes, Sims & Jefferies Ltd., Orwell Works, Ipswich. 
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E. G. Davis, 19 Festival Avenue, Humberstone Lane, Thurmaston, Leics. 
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H. Mason, 51 Stairhaven Road, Liverpool, 19. 

R. J. C. Whitaker, The Glacier Metal Co. Ltd., Ealing Road, Alperton, Middlesex. 
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J. G. Easterbrook, “ Hilleen”’, 22 Ascot Park, Knock, Belfast. 
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W. H. Preston, 25 Clifton Avenue, Leyland, Lancashire. 

R. W. H. Mark, ‘“ The Beeches’, 41 Reading Road, Woodley, Berkshire. 

W. G. Clements, 11 Charing Road, Gillingham, Kent. 

T. F. Newton, c/o E. Pryor & Son Ltd., West End Works, Broom Street, Sheffield, 10 
W. M. Buchan, Llanberis, 36 Mytton Oak Road, Shrewsbury. 

J. W. Taylor, 44 Deacon Road, Bitterne, Southampton. 

F. Hopkinson, “ Woodley ”, 40 Highfield Road, Chelmsford, Essex. 

C. L. Clarke, 11 Alder Road, Cimla, Neath, Scuth Wales. 

W. R. Bailey, “ Rivelyn ”’, 2 Crossfield Avenue, Knypersley, Biddulph, Stoke-on-Trent 

J. H. Cooper, 48 Hob Hill Close, Saltburn-by-the-Sea, Yorkshire. 

A. Eustace, 19 Ferndale Road Northville, Bristol, 7. 

R. J. Sury, Widd‘combe House, 2 Buttons Farm Road, Penn, Wolverhampton. 

R. Wheel~~ Old House Farm, Parish Hill, Bournheath, near Bromsgrove, Worcestershire 
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S. Nicholas, 111 Falconwood, Addington, Croydon, Surrey. 

. M. Stern, 37 Rossfold Road, Sundon Park, Luton, Bedfordshire. 

C. Yarnell, 25 Alderley Close, Hazel Grove, Cheshire. 

G. Jenkins, 25 Windsor Road, Whitley Bay, Northumberland. 

R. Anderson, 63 Watling Street, Strood, Rochester, Kent. 

Willcox, Ellis, Son, & Paramore Ltd., Spring Street Works, Sheffield, 3. 
N. Butler, 28 Windermere Road, Patchway, Bristol. 

J. Harrison, ‘“ The Dingle ”, Planks Lane, Wombourn, Staffordshire. 
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LOUGHBOROUGH COLLEGE STUDENT SECTION 


Chairman: 


M. C. Fryer, Dept. of Industrial Engineering, College of Technology, Loughborough, Leics. 


Honorary Secretary: 
J. Fairbrother, 27 Eaton Road, Ilkley, Yorkshire. 


EDUCATION DISCUSSION GROUPS 
London Centre 


Chairman : 
J. W. K. Murch, 35 Peartree Road, Enfield, Middlessex. 


Honorary Secretary: 


D. R. C. Holmes, 35 Sandringham Drive, Ashford, Middlesex. 
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Chairman : 


W. L. Jackson, Senior Lecturer in Production Engineering, Chance Technical College, Smethwick. 





Honorary Secretary: 


N. Ward, 88 Sutton Oak Road, Streetly, Sutton Coldfield. 
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600 journals... ead each month! 


Impossible for one man?. .. a routine achievement for lota. 

















Every issue of every technical journal published in Britain is read by the 
lota panel of experts. Articles are annotated, classified 
and listed in the monthly ‘Index of Technical Articles.’ 
lota can put any article from the Index 
right onto a subscriber's desk. Journal back issues, 
or photocopies, are always available. 
No fuss, no bother. Lota eliminates that 
growing in-tray of journals... makes 


your professional reading much more selective. 


Take out your own subscription to Lota. 


It’s only 8 guineas for 12 issues. 





Write for specimen copy of the Index. 


Don’t miss a thing... subscribe to lOTA 





IOTA SERVICES LIMITED 38 FARRINGDON STREET LONDON EC4 CITY 1353 
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The ADAPTA Miller (Model N) illustrated above combines 
in one machine the advantages of horizontal and vertical 
mills, while at the same time giving facilities for unusual 
angle cutting. It is ideal for special tool and die work 
patterns, moulds, etc., as well as for ordinary batch production. 


J PARKINSON € SON (suietey) LTD 


SHIPLEY YORKSHIRE TEL. 53231] 
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CAPSTAN LATHE 


FITTED WITH 200 mm. 3-JAW AIR CHUCK 

















DESCRIPTION OF OPERATION 


Tool Position 





Hex. — Cross-slide 


Spindle 
Speed 
R.P.M. 


Surface 
Speed 


Ft. per Min. 


Feed 
Cuts 
per inch 








Tungsten Carbide Cutting 
Tools 


CAST IRON 
CASTING 


—_ 
COD DO NOU AWN= 





. Chuck on O/dia. - 
. Double Face - 
Rough Bore 13”, Turn 2 and 513” dia. | 

. Bore inside Rim and Radius Boss - 

Turn Boss and Angle Face (2 cuts) 

. Finish Turn O/dia. Face & Chamfer Boss | 
Reverse Component in Chuck Jaws 


Bore 12” and 13” dias. 
Rough ‘and Finish Face 


. Microbore 13” dia. 
. Remove. 


| bet 
| Rear 





| Cease | 


4 - | 
Frans 


Ja} or] aen—| | 


260 
260 
358 
358 
358 


i 260 





405 
405 
515 
515 
545 


405 
343 





Hand 
125 
125 
128 
125 


125 
128 
125 
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Floor-to-Floor Time: 6 mins. each 


SELLY = OAK 
BIRMINGHAM 29 


TELEPHONE SELLY OAK //3/ 
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DERLIKON- Sreseronecedsic Na 2 


For the highest precision 
at mass production rates 


Please ask for demonstration of this 
machine in actual production, or on your 
own blanks, on our demonstration unit at 
our Nottingham demonstration rooms. 


VAUGHAN 


ASSOCIATES LIMITED 





SPIRAL BEVEL GEAR GENERATORS, NORMAL & HYPOID 


Simple and quick calculations and rapid setting. Operation 
by single lever. Crown wheels or pinions finished in one 
loading giving maximum production per capital expenditure 
with smallest floor space. Max. pitch dia. : 21.26”. Max. D.P. : 
24”. Max. length of cone : 10.33”. Number of teeth cut : 5-100. 


4, QUEEN ST., CURZON ST., LONDON, W.1I 
Telephone: GROSVENOR 8362-5 


Midland Office: WILFORD CRESCENT, NOTTINGHAM 


Telephone: NOTTINGHAM 88008 
NRP 
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The small radial 
for high output 


This Asquith NSR Radial Drilling 
Machine is drilling, countersinking 
and tapping gearcase extensions in 
the mass-production lines of a large 
motor factory. The Asquith Tapping 
Unit, which prevents tap breakage 
and thread stripping, is shown in 
operation. 


Write for details of this high-quality 
small Asquith Radial—-a_ robust 
machine for quantity production and 
versatile for general engineering 
shops. 


WILLIAM ASQUITH LTD. 


HALIFAX «+ ENGLAND 


Soles & Service for... Wau E Ci Tee eee go .. . the British Isles 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 


‘Phone: Midland 3431 (7 lines) ‘Grams: Maxishope,B’ham. Also at LONDON: Phone: Trafalgar 7224 (Slines) and GLASGOW: ‘Phone: Central 0922 
A248 
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AUTOMATIC MULTI-TOOL LATHES 


Help speed production 
of multi-diameter shafts 


ay oe a i 
 ~ 








| 
i 


The ‘“ Maximatic” is shown tooled-up for turning steel 
camshafts. The operator’s duties consist simply of 
unloading, loading and operating the main control lever. 
The tool slide carries out an automatic cycle of quick 
infeed, turn and quick return. All motors then stop 
ready for the component to be removed. 

In the example shown, only the rear side is employed 
for turning, but a combination of slides can be used for 
both turning and facing, each cross slide being independently 
operated by flat former plates, and adjustment can readily 
be made when a different component is required. 
Drummond Automatic Multi-Tool Lathes are built in a 
range of sizes from 6in. X I8in. up to 1Sin. X 102 in. 


Write today for details of the size of machine which would DRUMMOND BROS., LTD. 


interest you. GUILDFORD - ENGLAND 


Sales & Service for... DRUM MON D-ASQUITH . . . the British Isles 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 


"Phone: Midland 3431 (7 lines) ‘Grams: Maxishape,B'ham. Also at LONDON: Phone: Trafalgar 7224 (Slines) ard GLASGOW: ‘Phone: Central 0922 
A195 
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for fast, automatic cleaning of metal parts 


Dawson cleaning and degreasing plant is extensively used for cleaning metal 


parts in the Motor Industry. The above illustration shows one of two machines 
installed for cleaning crankshafts at Vauxhall Motors Ltd., Luton. One machine 
handles 4-cylinder cranks, the other 6-cylinder components. These machines 
incorporate a walking beam conveyor and at one point in their passage through 
the machine, crankshafts are supported in annular grooved bearings so that 
detergent can be forced through these bearings into the oilways of the com- 
ponent, to pass out of the crank pins. 

Dawson are specialists in the field of automatic cleaning and degreasing plant— 
if you have a cleaning problem get in touch with Drummond-Asquith and ask 


for a Dawson specialist to discuss your needs. 


Soles & Service for... DRUM ey hy D-ASQUITH ... the British Isles 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 


"Phone: Midland 3431 (7 lines) "Grams: Maxishape,B’ham. Also at LONDON: Phone: Trafalgar 7224 (Slines) and GLASGOW: ‘Phone: Central 0922 
HF 273 
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Never lost a Test — that’s the claim we make for our high speed 






steel butt-welded tools. The fine cut of Jessop-Saville tools 






has made a winning hit with machine tool users all over the world. 


Electrically butt-welded to carbon steel shanks, the high speed 






steel tips have exceptional resistance to wear and abrasion. 






This quality of hardness gives Jessop-Saville tools 






longer service between re-grinds. 






Please send for a copy of our monthly Stock List. 
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UESSOP-SAVILL 


high speed steel butt-welded tools 





ARKWELD 
AND TRIUMPHWELD 

































WM JESSOP & SONS LTD J J SAVILLE & CO LTD 







TRIUMPH WORKS 





BRIGHTSIDE WORKS SHEFFIELD SHEFFIELD 








SMALL TOOL WORKS PORTLAND ST SHEFFIELD 6 





ENQUIRIES TO: 
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DIAMOND 


cut 


DIAMOND 


















We use our own products 

i 
t 
s 
‘ 
; 

Only diamond can be used k 

to shape another diamond effectively. 

We shape diamonds to very 

exacting specifications in terms ' 


of both form and surface finish. 
Diadust plays an important part in 


achieving the required results. 














VAN MOPPES & SONS (DIAMOND TOOLS) LTD TELEPHONE: BASINGSTOKE 1240 
BASINGSTOKE - HAMPSHIRE - ENGLAND | TELEGRAMS: DIATIPT BASINGSTOKE 


















OUR ILLUSTRATED DATA SHEETS AND OUR TECHNICAL REPRESENTATIVES ARE AVAILABLE ON REQUEST 
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HERBERT No. 2D Capstan Lathe... 
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... the ideal machine for bar work up to 1; diameter 
and chuck work up to 9 swing. 

Tooling on a Herbert No. 2D Capstan Lathe for completely machining a phosphor-bronze 

pilot bush during one complete cycle of the turret. Hand loading and removal are eliminated. 

After the first operation the casting is removed on a work carrier from the dual-purpose chuck jaws, 
' then transferred and reversed, by hand, from one work carrier to another (both mounted on the 

turret) for loading for the second operation. All machining except front and flange faces is 

done by Microbore cluster tooling. Ardoloy-tipped tools used throughout. Total time, 2 minutes. 
{ 

Available for Early Delivery 

% 


Other small Herbert Lathes available for early delivery include:—No. 0 Electro-pneumatic Capstan Lathe, 
No. 3 Capstan Lathe and No. 2 Flashcap Lathe. 











mee HERBERT 


LTO., COVENTRY 
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MACHINING OPERATIONS Bi 
Optimetric ‘S’ Type Facing Chuck Snout and Line Boring = 
Model — line boring hot brass | Automatic Surfacing == 
press component at | Face Milling—Turning—Drilling = 
Messrs. W. H. Tomlinson Ltd. all at one setting. = 
lz 


“~~ 


SEND FOR 
CATALOGUE NS 





Kearns 
‘STVPE §=Siig 


*OPTIMETRIC 
BORING MACHINE 
—almost a workshop in itself 

* OPTIMETRIC is the registered trade mark of 


Kearns system of optical measurement fitted as standard 
to all Kearns Horizontal Tool Room Boring Machines. 


H. W. KEARNS & CO LIMITED BROADHEATH Near MANCHESTER 
KSG4 
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look for 
yourself 


Not only at a pictorial record of a 
vital process in our reprecisioning 
service, but at the complete 
rebuilding methods we employ... 
from stripping to final assembly 
and inspection testsagainst §§ (= 
standards laid down by the actual 
machine manufacturers, 


The Institution of Production 









Engineers, or Dr. Schlesinger. 








the hallmark of re-precisioning 





y Our new factory, fully equipped with modern, 
large capacity plant manned by specialists in rebuilding 
all types of precision and heavy machine tools, 


is always open to your inspection. 






THE NEWALL ENGINEERING COMPANY LIMITED 
(USED MACHINE DIVISION) 






TER 
KSG4 





OUNDLE ROAD - ORTON LONGUEVILLE - PETERBOROUGH : TELEPHONE PETERBOROUGH 6/16 






P1744 
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EJP/PB/LABe 


Messrse Glostics Ltdes 
puffley crescent, 
: gloucestere 


For the attention of Mrs A.DeFes Tallentse 
pear Sirs» 


n January 4955 you supplied us with two shot viast 
nozzles in carbon Tetra porides these were immediately put 
into use 4n the shot viast cabinets jn our Heat qgreatment ; 
departments working at an air pressure of WO to 60 1bs/sa- Mes 
ana using 30 mesh anguler chilled cast irom grit as the abrasive 





It is estimated that each nozzle has now been in service 
. for more than 5 ,000 nours, and recent aimensional checks show 
the amount of wear to be almost negligible- we are advised by you 
that the original nozzle bore diameter was gv, and 4t will be seen 
from the following figures that Little, 4f anys wear has taken places 


pore $ize at Tnroat of Nozzle 33745" to 23742" 
pore Size 4* from gnroat 23650" to « 

we feel that an outstanding performance guch as this 
gnould not g° unnoticeds and you are tnerefore at liberty to : 


ou 
bi information contained qn this letter in any way you wis 
further tne publicising of C.TeBe nozzlese 


g.J~ PHIPPS» 
CHIEF METALLURGIST + 





SHOT BLAST NOZZLES | 


C.T. 


AGENTS 
* IMP 
REGNATED DIAMOND PROD 
UCTS LTD 





Glostics Ltd 





GLOUCESTER 
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FROUDE 


PATENT 
HYDRAULIC 
DYNAMOMETERS 


FOR ABSORBING AND MEASURING 
B.HP. OF ALL TYPES OF PRIME 
MOVERS — SIZES RANGE FROM 50 
TO 60,000 B.H.P. AND UPWARDS 


The result of constant research 


and development combined with 
unrivalled experience 


Write for further particulars: 





LOCOMOTIVE TEST PLANT 
designed, manufactured 
and installed complete 

by HEENAN & FROUDE LIMITED 

at BRITISH RAILWAYS’ 

RUGBY TESTING STATION. 

Five Froude Dynamometers, 

each of 1200 B.H.P. 


Capacity were incorporated. 
Pacity P 


HEENAN & FROUDE LIMITED encineers, WORCESTER, ENGLAND 
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HELICALS 
WORMWHEELS 
SPLINES 
SERRATIONS 


If you want more accurate gears — and 

we do mean more accurate — then you need 

a DOWDING V.8. From the drawing board 
right down to the last detail of production the 
V.8 is designed and built to produce more 
gears—more accurately. Amply rigid for 
production hobbing — climb or orthodox. 
Built-in differential for helicals. Fast traverse, 
tangential feed and cam operated plunge 

feed too —if you need them. Hundreds of 
DOWDING hobbers are in constant service, 
many users having multiple installations. 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 Write for this 


Telephone WESTERN 8077 (8 lines) Telegroms ACCURATOOL HAMMER LONDON catalogue today 


148 
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Floor to floor times reduced to a ‘fraction’ on large or 
small batch copying. The inbuilt hydraulic copying 
equipment does not interfere with normal centre lathe 
working so providing TWO MACHINES IN ONE 


We will be pleased to quote an estimated production 
time against your drawing and material specifications. 


BRIEF SPECIFICATION : 


Swing over bed 16 in. Spindle speeds 24 
(32 to 1000) 


Motor 10/5 H.P. 


Spindle bored 3 in. 


i hy 
PAYS 
ro 
CoPry 














SWING LATHE 


WITH INBUILT COPYING 
EQUIPMENT 


Complete machine with bed to 
admit 36” between centres 


£1400 


increased lengths of bed at slight 
extra cost. 


T. S. HARRISON & SONS LTD HECKMONDWIKE - YORKSHIRE 
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When you’re dreaming up plans to increase production it’s time to wake up to AZOFLEX. It’s the 
only process to apply a controlled quantity of developer, thus ensuring optimum quality at all 
running speeds—and it’s the only daylight reflex copying process. There are no dangerous 
chemicals and because no ducting is necessary to take away offensive fumes, machines are freely 
movable from place to place. Exposing, developing 
and print delivery are completely synchronised and 
output is virtually as fast as the operator. In plain 
language the AZOFLEX MODEL 42/63 can produce more 
than one hundred 20” x 30” prints an hour at a lower 
cost per print than you ever dreamed. 


AO, gM 0 38 


otto: 


“Sa a aoe 


AZOFLEX MODEL 42/635 MARK Il 

Synchronised printing and developing machine. Capacity : 
cut sheets and rolls up to 42 in. wide. Printing speed: 
from 6 in. to 154 ft. per minute. Dimensions: Height 
50 in., width 71 in., depth 52 in. with delivery tray 
extended. Weight: approximately 850 lb. 





Enquiries to: Ilford Limited, 
Industrial Sales Dept. AZ13AA, 
Ilford, Essex 

Telephone: Ilford 3000 





ILFORD 


MACHINES AND MATERIALS FOR DRAWING OFFICE PHOTOPRINTING 
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Prices have been reduced for both 
B.S.D. totally-enclosed fan-cooled motors to B.S.2083 


and B.S.D. ventilated motors 


Send for your copy of the stock list to— 
The ENGLISH ELECTRIC Co. Ltd., Industrial Motor Works, Bradford. 


ENGLISH ELECTRIC 


THE ENGLISH ELECTRIC Company LIMITED, MARCONI House, STRAND, LONDON, W.C.2 


WORKS: STAFFORD + PRESTON * RUGBY + BRADFORD - LIVERPOOL © ACCRINGTON 
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Streamlined 


SERVICE 
















ECAUSE we have equipped and staffed our organisation 
technically and specifically to deal with all the 
problems of modern metal cleaning, we are able to 
provide the right process and the right product to meet any unusual 
requirement. Consultation with “SA.C.” technicians 1s the 


streamlined way of getting the answer which saves you time and cost. 





SUNBEAM ANTI-CORROSIVES LTD. 


CENTRAL WORKS - CENTRAL AVENUE + WEST MOLFSEY + SURREY 
Telephone: Molesey 4484 (5 lines) Telegrams: Sunanticor, East Molesey 


Manufacturers of 


STRIPALENE * FERROCLENE + ALOCLENE * FERROMEDE «+ BRAZOCLENE 
(Regd. Trade Marks) 

















APPROVED BY ADMIRALTY, WAR OFFICE AND AIR MINISTRY 
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Have you a materials 














handling problem? 





If you have —call us in. No matter what your problem, we will find a solution. 
You have no obligation. And this service is free. 

KING conveyors, cranes, pulley blocks, etc., are cutting costs and increasing pro- 
duction all over the world. 

















| CONVEYoRS = CRANES 
RUNWAYS _|| 00 THIS NOW—BEFORE YOU FORGET 


Just tick those items on which vou need information, add 
your name and address and send the advertisement to us. 

















- 
CONVEYORS | CRANES 
ELECTRIC | OVERHEAD 
PULLEY BLOCKS | RUNWAYS 





ELECTRIC PULLEY 


BLOCKS ADVISORY SERVICE 





Leaders in MECHANICAL HANDLING for 40 years 


Some famous firms who are using KING equipment DUNLOP, FRIGIDAIRE, ..@iti. 
AUSTIN MOTORS, VAUXHALL MOTORS, B.0.A.C., ROBBIALAC, BRISTOL 
REGISTERED TRADE MARK AIRCRAFT COMPANY, NATIONAL CASH REGISTERS, ELECTROLUX 














18 ARGYLE WORKS, STEVENAGE, HERTS. TELEPHONE: STEVENAGE 440 


GEO. W. KING LTD., 
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Maintaining the correct chemical analysis 
of die casting alloys, particularly with 
regard to impurity limits, is of paramount 
importance in the production of high 
quality die castings. Our Laboratory is 
equipped with one of the few direct reading 
spectrographs in use in this country. As a 
result the requirements of the B.S.I. 
Certification Scheme for zinc alloy die 
castings are far exceeded. Every melt is 
analysed and the holding furnace of every 
machine is checked for impurities at least 
once per shift, enabling any variance from 
specification to be quickly identified. With 
the utmost confidence, we can therefore 
claim to supply castings only of the highest 
quality. 

Quotations, without obligation, from draw- 
ings, specifications or samples. 


&B (ONS) 


! BS 1004 


PRESSURE DIE CASTINGS 
IN ZINC, ALUMINIUM AND SOFT ALLOYS 


SPARKLETS LIMITED 


DIE CASTING DIVISION 
Tottenham, London, N.1I7 
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Still the best straight oil 


SWIFT 


when culling tough steets 





No matter the application, SWIFT oil in its many forms, is a 
blessing when the tougher steels are tooled. Its sulphur-activated 
base prevents localised welding of chips to the tool face and 
materially assists the attainment of high output schedules. 


There are SWIFT grades specially adapted to automatics, gear 
cutting, thread milling, form grinding, broaching and honing 
operations. And if you wish to cut non-ferrous materials on the 
same machines as steel, without changing the oil, the unique 
SWIFT S.S. series is your logical choice. 


By asking for Publication SP.173—0on your business letterhead 
please—you will receive up-to-date information on FLETCHER 
MILLER cutting fluids. 


* one of the 


FLETCHER MILLER LTD., CHESHIRE. 
Telephone: HYDE 3471 (S LINES) Telegrams: EMULSION, HYDE 
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Your problem of chipbreaker 
grinding can be solved by 
the combination of the 

F Neven diamond impregnated 
chipbreaker wheel used 


Ga 





sn in conjunction with the G.F.3 Mark II 

aad ff Universal Cutting yj 
i and Tool Grinding Machine. Yj 
e The G.F.3 machine can also be | 

» gear me . ad * 

ming | supplied with an automatic traverse 

n the and we will be pleased 

— to arrange a practical demonstration 

of this equipment. 
rhead 
HER Neven diamond impregnated tools for Grinding, 


Cutting and Drilling the hardest materials 


SOLE AGENTS FOR NEVEN TOOLS 
i FOR TUNGSTEN CARBIDE APPLICATIONS 
IN THE UNITED KINGDOM, 
MESSRS. WICKMAN LIMITED OF COVENTRY 





IMPREGNATED DIAMOND PRODUCTS LTD 


OF GLOUCESTER - ENGLAND 
TELEPHONE 21164 (3 LINES) - TELEGRAMS IMPREG GLOUCESTER 
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BAKER 


The BAKER-PERA 


TOOL RADIUS 





e © 

Grinding Attachment 
T ttachment to vour tool and cutter grinder, designed by 

P.E.R.A.*, enables the cutting and clearance angles of single-point 

cutting tools to be ground accurately to pre-determined angles, and 

the nose radius to be accurately ground to blend with the edges. ‘ 
Well ground tools last longer, give better finish and save 

time on costly machine tools. 

; 


C. BAKER of Holborn LTD. 


METRON WORKS PURLEY WAY CROYDON SURREY 








The most practical plant 
for Cleaning METAL PARTS 


PRIOR TO ASSEMBLY, and BEFORE and AFTER REPAIRS 








A *3umor’ type machine supplied to 2 Midlands 
Moter Car Works. 


Dawson 


DE-GREASING 
AND CLEANING 
MACHINES 


A Rotary Drum machine for removing swarf and 
grease from small components. 






ee ee 





EE sos oe, ib i 


Supplied for the washime and dryimg of Tractor A model ‘A’ machine washing parts of motor 
parts. Crank Shafts. Sumps. Pressimgs, etc. car engines prior te assembly. 
Dawson Metal Parts cleaning machines are supplied for al] branches of the engineering 
industry. Their chief characteristics are robustness of design, smal] number of working 
parts and simplicity of operation. Space only permits the illustration of four of the 
many types of machines built for quick economical washing and drying of Metal Parts. 
Sole Distributors 
DRUMMOND -ASQUITH (Sales) LTD., King Edward House, New Street, Birmingham. 
Teiephone—Midiand 343! 


Manufacturers—DAWSON BROS. LTD., Gomersal, LEEDS London Works—406 Roding Lane South. Wood- 
Tei.—Cieckheaton /080 (5 iimes ford Green, Essex. Te!.— Wanstead 7777 (4 lines) 
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* BROOMWADE” Double 
Acting Cylinder Hoist in 
action. Courtesy: Zinc Alloy 
Co. (London) Ltd. 


| “BROOMWADE” 


tools 


_ pay for 
themselves 


Efficient and reliable tools will 
pay for their initial outlay. The 
4 jobs on which “ BROOMWADE ” 
Pneumatic Tools have _ saved 
money are wide and varied. 


4A) 





Expertly built and absolutely 
reliable, they work fast, smoothly 
and efficiently. 


You spend wisely when you buy 
“ BROOMWADE ”. 


Prove it by asking for a 
demonstration NOW. 


* BROOMWADE” DXIC 
“ BROOMWADE” HPSS Squeeze Chipping Hammer dressing 
Riveter counter punching a Bus mm y 4- M yp ts "PR * ag 
side stress panel. This tool exerts S, : : soe 
a5 ton load at the snaps. Sander fitted with unilastic 
Courtesy: Park Royal Vehicles Ltd. wheel. Courtesy: Luxfer Ltd. 


htt. SRE 





| *“BROOMWADZ”’’ 


i AIR COMPRESSORS & PNEUMATIC TOOLS 
Your Best Investment 





BROOM & WADE LTD - P.O. BOX No. 7 - HIGH WYCOMBE - ENGLAND 
Telephone: High Wycombe 1630 (10 lines) 







Telegrams: “Broom’’, High Wycombe, Telex. 








484 SAS 
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MOORE -CATMUR 


see He wbeimile tt 
MOORE JIG GRINDING 


CATMUR We proudly present the first British 
built Moore-Catmur Jig Grinder. This 
fine machine cuts time by 25%, 
accurately locating and grinding holes 
and contours. 


Fast accurate grinding of any contour, 
regular or irregular, is simple with the 
Moore-Catmur Jig Grinder. Particu- 
larly valuable for form grinding of die 
sections. 
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Let us forward further details. Supplied with infinite range of grinding speeds 
from 12,000 to 60,000 r.p.m. Table area 


10” X 19”. BRITISH MADE 






MACHINE TOOL CORPORATION LIMITED 





103 Lancaster Road, Ladbroke Grove, London, W.I1. "Phone PARk 9451/2 
. NRP 
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‘is essential for all good welding I | 








TN oe 








This mobile, dust-free shot blast machine is used extensively for weld 
preparation and deslagging. It can be used anywhere in the shop or on site 
without recourse to protective clothing and without room enclosures. Great 
savings have been effected by reducing radiographic rejects in the welding of 
Class I pressure vessels. Demonstrations can be arranged upon request and 
all enquiries for in-situ shot blasting will receive careful consideration. 


VACU-BLAST LTD., 291 ABERDEEN AVENUE, SLOUGH, BUCKS. Phone: sLoucH 24507/9 
VACU-BLAST AUSTRALIA (PTY.) LTD., ELIZABETH STREET, MITCHAM, VICTORIA, AUSTRALIA 


PAE/A 
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Heat Treatment 
Furnaces for 
Carburising 
Steam or Air 
Tempering 
Nitriding. 





PAE/A 


4507/9 
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MICROCARB 


Positive Instrument control of carbon 


CONTINUOUS instrument record of the percent carbon in a furnace carbur- 

ising gas is now available to you as easily as atemperature record. It shows the 
percent of active carbon in the atmosphere of the L. & N. Homocarb furnace, 
and therefore the surface carbon content of the parts being treated. And further, 
the actual percent carbon is entirely under your control—the carbon you get is 
the carbon you set on your Microcarb control instrument. 


This carbon control unit is of major importance in that it results in a tre- 
mendous increase in the versatility of our world-renowned Homocarb electric 
gas carburising furnace. In addition to its original function of case carburising it 
can now be used for carbon restoration and homogeneous carburising. In carbur- 
ising, for instance, excess carbides can be prevented; networks and retained 
Austenite can be eliminated, this reducing rejects and lengthening the life of 
the product. Carbon restoration and homogeneous carburising, previously 
difficult or impossible to control on production, are now thoroughly 
practicable. 


Consideration of the above facts will suggest to you that its vastly increased 
versatility makes the Homocarb furnace an almost indispensable item of Heat 
Treatment equipment. 


Our Technical Staff are at your disposal to suit your convenience. Meanwhile, 
literature from Dept. M.M. 


INTEGRA, LEEDS & NORTHRUP LTD. 
183, BROAD STREET, BIRMINGHAM, |5 


Telephone: MIDLAND 1453/4 Telegrams: FLOMETER, BIRMINGHAM 





British made in Birmingham 
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For 
magnified 
— Output... 


4 use mechanical 
i | tubing... 


/ Mechanical tubing can be used for 
rollers, piping at high pressures or 
for ring shaped machine tool parts, 
and in numerous other ways. Its use 
can make substantial savings to your 
labour, time and material costs. 
We carry considerable stocks of 
tubing in various sizes, finishes, 
diameters and lengths, so should you 
require yards and yards of tubing in 
different sizes etc, we will probably 
be able to supply all your needs 
Write, "phone or call for full particulars immediately and in one delivery. 


Markland Scowcrogt 


LIMITED 
COX GREEN WORKS, BROMLEY CROSS, Near BOLTON ’Phone EAGLEY 600 (5 lines) 
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—— er agic accessories 
~’ Sa increase your adaptability 


These accessories for ‘Eclipse’? Magnetic Chucks greatly 
increase their versatility. Superior performance is ensured 
even when holding through adaptor plates and chuck 
blocks. Write for fully descriptive literature of the com- 
plete range of these invaluable accessories. 







ADAPTOR PLATES 
for efficient holding 
of small & thin parts 
















the only name for.... 
ecoee Magnetic tools 


JAMES NEILL & CO. (SHEFFIELD) LTD., ENGLAND 
Supplies through appointed «Eclipse Distributors 





DEMAGNETISERS CHUCK BLOCKS 
— platen type supplied in matched pairs PM 133 
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Universal grinding machines 


% Infinitely variable table 
speed. 

% Robustly constructed with 
complete rigidity through- 
out ensuring a high degree 
of accuracy. 

%* Easy in manipulation and 
set-up. 


% Ideal for all types and 
classes of grinding. 


SOLE AGENTS 





AIA 
































| 1 
SPECIFICATIONS | MODELS BK3 | MODELS BKS 
| 500 750 | 750 1000 1500 
) T | T T 
Height of centres ove ” ° ° ° . 
per a Se ae ee 
t 1 ; 1 
Max. distance between | 99 3° 0 Co!" 1 gg” 
centres \ | | | al | 
| | | | | 
indi a a a — 
(dee eke s eideh) 1138 24757132" 29'S ; 198'x37n8" | 192°x3°x8 1198 “3°28” 
l | 
R.p.m. of work ; 50— 750 ; 50— 750 25 — 750 ; 25— 750 ; 25— 750 
Table traverse per min. | 4’°—I9 8” I 4“—I9 8 ! v—I9 8° | 4“—I9 8” I v“—I? 8° 
! l | ! | 
i 1 | 1 i 
' ' ' ' 
Table swivels by e 6° e e - 
ude 1 1 1 , 1 
or dstock 
swivels by . 90° 90° ; bal | bal bal 
LS 1 | | I 1 
rinding toc! ° ° 
swivels by “5 “s 30° 30° ; 30° 











The Selson Machine Tool Co. Ltd 


41-45 MINERVA ROAD, NORTH ACTON, 


Te ephone Elgar 4000 (10 


in we) 


LONDON, N.W.10 
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LORCO 


HYDRAULIC OILS 


Four-fold Treated 


* UNIQUE OXIDATION INHIBITOR 

* FOAM SUPPRESSANT —anti-foaming agent 
* REMARKABLE LUBRICATION IMPROVER 
* SPECIAL CORROSION PREVENTATIVE 


LANSING BAGNALL LTD. 


USE AND RECOMMEND LORCO L.6700 TYPE A.T. 


THE LONDON OIL REFINING CO. LTD. 


LORCO WORKS: PECKHAM, LONDON, S.E.15 CLAYTON. MANCHESTER, II 
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Greater productivity is only possible when the 

precision and accuracy of all jigs, fixtures " 
and gauges are of the highest order. The modern 
specially laid out shops of G.P.A. allied to the finest 


standards of workmanship constitute your 





guarantee. We welcome your enquiries. 


G.P.A. TOOLS & GAUGES LTD. 
Controlled by Salford Electrical’ nstr » Ltd. A subsidiary of The General Electric Co., Ltd. 
Registered Office and Works 

Harper Road, Wythenshawe, Manchester. Tel: Wythenshawe 2215 (3 lines) 


Grams: Pneutool. Phone, Manchester 
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15 times quicker 
than single sided 
surface grinding 





ROWLAND Duplex Surface 


Grinders are now in_ successful 








operation in the works of most 
leading makers of permanent 


magnets. Reports tell of excep- 


OWLAN 


are typical. 


DUPLEX SURFACE GRINDERS 


e i THE METHOD IS APPLICABLE TO FERROUS AND NON- 
FERROUS COMPONENTS, CERAMICS, BONDED ASBESTOS 
PRODUCTS, ETC., AND RESULTS IN PRODUCTION 
INCREASES UP TO 100% AND MORE. 
Check the jobs in your own works 
where ROWLAND DUPLEX SURFACE 
GRINDERS would slash production costs. 


OUR TECHNICAL REPRESENTATIVES ARE READY, ABLE 
AND WILLING TO CO-OPERATE WITH YOU. 


tional results, of which the 


ile 
@9eeeee@ 


production figures quoted above 











E 

Hf FE.ROWLAND [eccrn 
i &CO.LTD. Telegrams: : 
7 HEROIC, REDDISH 4 
= REDDISH + STOCKPORT - ENGLAND 





SOLE EXPORT AGENTS: DRUMMOND ASQUITH (SALES) LTD., Halifax House, Strand, London, W.C.2. Tel.: TRAfalgar 7224. 
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HIGH DUTY CASTINGS 


for 


Regd. Trade Mark 


C. & B. SMITH LTD. 


lronfounders WOLVERHAMPTON 


sities 























“ Newallastic” bolts and studs 
have qualities which are abso- 
lutely unique. They have been 
tested by every known device, 
and have been proved to be 
stronger and more resistant 
to fatigue than bolts or studs 
made by the usual method. 
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on the new 


MARBAIX 


; M58 DISINTEGRATOR 
@ REMOVES BROKEN TOOLS 
WITHOUT DAMAGE TO THE COMPONENT 


@ CUTS HOLES OF ANY SHAPE IN 
HARDENED MATERIAL, CARBIDES ETC. 


... in fact any material through which electric 
current can pass. 





‘ 
tj 
if 


The new MARBAIX M.58 disintegrator removes broken 
taps, drills, reamers, studs, etc., in a fraction of normal 
time, without damage to the component. 


Holes, too, of any shape can be cut in hardened material 
for subsequent finishing by grinding or other methods 
Note the times for the various examples shown, and 
write today for full details to Dept. 1|.P.E.1. 


HEARS HOW TO CUT COSTS 
Times obtained on,Model M58-C (as illustrated) 


DEMONSTRATIONS ON YOUR OWN COMPONENTS GLADLY 
GIVEN. 











Boers 
NO Ww 
30 SECONDS 
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MARBAIX INDUSTRIES LTD 
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P. B. COW & COMPANY LTD 


INDUSTRIAL DIVISION 
470 HIGH ROAD STREATHAM COMMON S.W.16 
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Your Specification... 

SHEEPBRIDGE 
Fabrication... | 

Satisfaction ! 
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Fabrications of all types in medium and heavy steel plates . . . 


fabrications to your own drawings and specification. 
Whatever your needs you'll find that Sheepbridge can 
handle the job. Here are the full machine shop facilities 





you may need . . . Here are the latest skilled burning and 


eas 


welding techniques . . . And here are the efficient service and 
attention to detail that will ensure a good fabrication to 
your satisfaction. Next time, see Sheepbridge to make sure 


you get the best. 


@ Machine tool frames & Welded vessels 
® Electric motor carcasses 
@ Repetition replacements for steel castings 








Sheepbridge Equipment Limited - Chesterfield - England 
One of the Sheepbridge Engineering Group 
Telephone : Chesterfield 547! Telegrams: Sheepbridge, Chesterfield 
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Swing over bed 11”, between centres 
24”, collet capacity 1”. 12 spindle 
speeds, 30-2,500 r.p.m. Range of 
threads 4-112 t.p.l. American cam- 
lock spindle nose. Flame hardened 
bed. 


COPY TURNING 
ou the 1024 


d = Apply to stockists or address below 
is Fi ™ for full details. 


ings 
Xo 
Uy SMART & BROWN sci: roo) LTD. 


ry 
4 
+ -MANCHESTER SQUARE: LONDON .- w.-! 


¢, 


BX] & DY 
sterfield ~, @ =—/ T ; 
— CS elephone Welbeck 7941/6 Telegrams and Cables: Smartool, Wesdo, London 


: 


ngland “ai 














Time Saving 


The Loader permits 
continuous feeding 
with the minimum of 
Operator move- 
ment. The two units 
together on a Press 
running at 15 s.p.m 
will give a produc- 
tion rate of 800 per 
hour with one Op- 
@rator. With manual 
loading, two Op- 
erators would do 
well to reach 360 
per hour. 


Versatility 


Easy changeover 
from one job to 
another Mounted 
on castor wheels 
with built-in height 
adjustment, the 
Units can be rolled 
clear for toolsetting 
or moved to another 
machine and reset 
within minutes. 


UDAL Press Unleader and 
Loader give four-fold saving 


Economical Cost 


Relative to the sa- 
vings in production 
costs from the use of 
these Units, their 
prices including 
installation, are 
attractive. 


J. P. UDAL LTD., 


Interlock Works, 


Birmingham 1!2 
Tel:. Calthorpe 3114 


Labour Saving 


The Unloader either 
replacesan Operator 
at back of Press 
or enables the front 
Operator to con- 
centrate solely on 
feeding. 


Court Road, 
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HYDRAULICS 
PNEUMATICS Lt 


Feautly ftthoO— 
HYDRAULIC « PNEUMATIC 


e CYLINDERS ¢ SELECTOR VALVES 
e COMPLETE CIRCUITS 

e HYDRAULIC ROTARY PUMPS 

* HYDRAULIC HAND PUMPS 

e AIR COMPRESSORS, ETC. 


Write for full particulars 


HYDRAULICS « PNEUMATICS LTD 


A MEMBER OF THE TURNER MANUFACTURING CO. LTD. GROUP OF COMPANIES 


WULFRUNA WORKS - VILLIERS ST * WOLVERHAMPTON 
jb * 








JIGS & 
FIXTURES 


UNIVERSAL TOOLS LIMITED 


TRAMWAY PATH: MITCHAM: SURREY 


Telephone MiTcham 6111 


PLASTIC MOULDS 
SPECIAL TOOLS 
DIE-CASTING TOOLS 


PRESS TOOLS 


cd aI iit 
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These photographs show a Butterley steelworks crane 
installed at the works of Appleby-Frodingham Steel 
Company for handling plates with a magnet beam. 
All gearboxes are of welded construction and the 
gearing and bearings are designed for long and 
arduous duty. 

Quietness in operation is a feature of Butterley cranes, 
and limited swing enables the driver to carry out his 
duties with safety, speed and precision. 


THE BUTTERLEY COMPANY LIMITED - RIPLEY - DERBY - ENGLAND : Tel. RIPLEY 41! (9 lines) 
London Office: 9 UPPER BELGRAVE STREET, S.W.|. Tel; SLOANE 8172/3 










GEARL OF QUALITY 


The Institution of Production Engineers Journal 















| THE FIRM WITH 
f HALF-A-DOZEN | 
JIG BORERS for — , 


PRESS TOOLS| | 
SUPPLIED COMPLETE OR FROM CUSTOMERS BLANKS etc. & 


Wh SERVICE KO RELIABLE E DELIVERY PROWT eB 
© HIGH SPEED SERVICE TOOL CO. LTD. 


RELIANCE GEAR & ENGINEERING CO (satroro) LTD @ Maple Road, Surbiton, Surrey. Elmbridge 1135-7 


DICKINSON STREET, SPRINGFIELD LANE, SALFORD 3. S STUDER PROFILE GRINDING A SPECIALITY 
Phones : BLAckfriars 0164 & BLAckfriars 1715 
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PREVIOUS METHOD 13 

Face milling on vertical miller pieces per hour 
PRESENT METHOD 32°4* 
Face milling on Wadkin Router pieces per hour 





* When the operator becomes fully proficient in the operation of the Wadkin 

_ Router, the rate of production is expected to reach 37 pieces per hour. 
The Wadkin High Speed Router does the face-milling operation 
on this light alloy magneto cover with a saving of more than 
60% of former machining time. This is not an unusual result — 
it’s typical of the Wadkin Router’s performance on Non-ferrous 
Metals. Unlike conventional machines the Wadkin L.S.M., shown 
on left, has cutting speeds up to 24,000 r.p.m. This guarantees 
a perfectly machined face requiring no further finishing 
operation, and only light clamping of the component is necessary. 









Tel: MAYfair 7048 
London Office: 62 Brook Street, W.! 


Tel: Leicester 67114 








Wadkin Ltd., Green Lane Works, Leicester. 
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The leading manufacturers 


of spark machining equipment Mk III Model 


now introduce their latest 7 














SPARCATRON 


means perfection in the field of spark 
machining with faster cutting, 
automatic control, ease of operation 
and a high degree of precision 
i for all forms of die-making. 
Manufactured by 
IMPREGNATED DIAMOND PRODUCTS 


LIMITED 
GLOUCESTER * ENGLAND 


pir 7048 


t, W.! 





Sole Agents for the United Kingdom + BURTON. GRIFFITHS & CO. LTD * KITTS GREEN * BIRMINGHAM 33 
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The exacting conditions of service demanded by modern 
techniques in electronic equipment and instrument develop- 
ment are fully matched by this new range of ARROW 
bakelite enclosed switches. 

Their main characteristic is the maintenance of low contact 
resistance after considerable life. 


Write today for full particulars of these instrument switches. 


ARROW ELECTRIC SWITCHES LTD - 


HANGER LANE 








* Cat. No. 81058-BT. 


Double Pole Double 
Throw. 2 Position 
Lever Type. Back 
Connecting Lugs. 
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Switches 


For Instrument and Electronic Applications 





Cat. No. 81046. 


Single Pole Single 
Throw. 2 Position 
Lever Type. Back 
Connecting Lugs. 





Cat No. 81055-B- 
BP. Double Pole 
Single Throw. 2 
Position Insulated 
Lever Type. Back 
Connecting Lugs. 


Circuits available S.P.S.T., $.P.D.T., D.P.S.T., D.P.D.T. 
ve BIASED ACTION SUPPLIED FOR ALL CIRCUITS 
Maximum rating 3 amps at 250V AC/DC 


ARROW 


LONDON, W.5 








RAPID THREAD REPAIR 


CUTE SCRAP COSTES simery 





CRMLL 








TAP L: 
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DIFF I 


ARMSTRONG PATENTS CO. LTD. 


YORKSHIRE 


ee 
REGO. TRADE MARK 
SCREW THREAD INSERTS 
Provide astronger than original thread 
which will not strip, is rust and cor- 
rosion proof and unaffected by vibra- 
tion. Available in single size and range 
kits, Heli-Coil rapid thread repair is a 
must in every machine shop. 
ORDER YOUR KIT NOW! 
FROM YOUR TOOL DEALER 


ULTY DETAILS FROM 
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* QUICK 
ACTION 

* HIGH 
GRIPPING 
POWER 


* LOW 
CLEARANCE 





























QUICK ACTION Pneumatic VISE 


6’ to 8 Models:- 2: Ton Grip 


MACHINE VISES 
for speedy milling, 
drilling assembly 
of repetition com- 
ponents or fix- 
tures. 


UNIQUE SAFETY 
FACTOR... 


ASTCO VISE 
Mechanisms ensure 
Safety as the 
GRIP HOLDS at 
Full Power, should 
Air Line pressure 
Drop or com- 
pletely fail. 


Patented, available in 
standard sizes or to 
customers’ specific 
4 requirements. 


SEDGLEY STREET WORKS, WOLVERHAMPTON 
Telephone : Wolverhampton 23818/9 








AS USED FOR THE 
MACHINING OF 
COMPONENTS 

by manufacturers of all 
types of Locks, Office 
Equipment, Pliers and 
Hand Tools, Radio and 
Telephone Components- 
Conduit and Tube Mani- 
pulations, Cycle Com- 
ponents, Refrigerators, 
etc. 





NG OR FIXTURE FOR 
REretirlon ~ pei TO LIMITS 






FOR HEAVY 
uUTY 
MILLING 





ASSOCIATED STEELS & TOOLS CO. LTD. a 
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Northern Area Office : Britannia House, Wellington Street, Leeds 1. 


These husky tools are of proved 
BRITISH MADE ff Sxtremety scouin in the US 8. and 

FRONT OR REAR LOCK Jf being manufactured at our Tenbury’ Wells 

DROP HEAD GOOSENEGK §f tea Gooseneck andStecight with Eront 
& STRAIGHT PATTERNS Uf sharccottcolbitarcavgiubieintish 


speed steel or carbide tipped. 





GALTON HOUSE, ELMFIELD AVENUE, TYBURN, BIRMINGHAM, 24 


Telephone: ASHfield 180! Telegrams: ‘‘Cogs, Birmingham’’ Telex No. 33366 





Telephone : Leeds 21212 
London Area Office : 240 Romford Road, Forest Gate, London E.7. Telephone : Maryland 2564 
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Manual Single and multiple gauging of diameters, taper. 
thickness, straightness and other dimensions. 


automatic segregation of work and feed-back signals for 


Automatic High speed multi-dimensional gauging with | 
machine control | 


Machine Control ‘‘In process”’ or *‘post process’’ gauging 
with 5 stage feed-back signalling. 





TEDDINGTON INDUSTRIAL EQUIPMENT LTD., 


Telephone: Sunbury-on-Thames 600 (9 lines! 


The Institution of Production Engineers Journal 


Keep up-to-date with this new range of 
Teddington pneumatic gauging equipment 


Backed by the considerable experience of two world 

famous organisations—Teddington in automatic controls and 

Moore Products of Philadelphia in pneumatic 

gauges—this highly advanced range of pnenmatic gauging 
«mr equipment covers all manual and automatic 

gauging requirements including automatic machine control. 

Accuracy, speed, simple operation and robust reliability 

are typical of the outstanding advantages of this equipment. 





The principles of operation, comprehensive details of 
Teddington equipment, and information about 
manual and automatic systems is contained in the 
new Teddington Air Gauging Manua!, No. PG6 
Write now for your copy. 


SUNBURY-ON-THAMES, MIDDLESEX 
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Time 
®unaranteed 





Arrivals and departures of staff, 

time on the job, records of 
overtime, staggered meal hours and other man- 
hour statistics—all are recorded and guaranteed 
by GLEDHILL-BROOK. 


These essential figures, important to every 
costing system in industry, are clearly and 
quickly available in unit form for analysis and 
filing. 

Gledhill-Brook Time Recorders are supplied 
with 8-day mechanical clock movement or 
electrical operation. 


by GLEDHILL-BROOK 


For full details and illustrated leaflet write to 


GLECHILL-BROOK TIME RECORDERS LTD 


20. EMPIRE WORKS HUDDERSFIELD 
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THREE-POSITION AUTOMATIC HYDRAULIC 
CROSS SLIDE SOLVES PROBLEM OF BORING 
CLOSELY SPACED HOLES AT ROVER CO. LTD. 


The problem of fine boring close centre holes in this 
Rover gearbox is ingeniously overcome by use of the 
PRECIMAX three position hydraulically operated 
cross slide. The necessary transverse movements are 
preselected and linked with the longitudinal feed 
motions in a fully automatic cycle. 
The three bores (two at 0.625 in. dia. and one at 
0.6875 in. dia.) are repeated by two spindles at the 
opposite end and in addition to close limits on 
diameter and relative position, this multiple 
operation fulfils exacting demands in the accurate 
a , alignment of the opposing bores. The six holes are 
bored using solid tungsten carbide shank boring bars 
YK ‘ in a floor-to-floor time of 2.85 minutes. 


Send for full details of PRECIMAX Fine Boring Machines 
to... 


LTD JOHN LUND LIMITED, EASTBURN WORKS, CROSS HILLS, Nr. KEIGHLEY. *Phone: Cross Hills 3211 (3 lines) 
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This year we celebrate our 
25th Anniversary of making and supplying 
Fractional Horsepower motors to 
Industry throughout the World 


The wide range includes: 
UNIVERSAL 1/250 to } h.p. 
SINGLE, SPLIT PHASE 
1/100 to } h.p. and 
CAPACITOR 1/80 to 1/6 h.p. 
3-PHASE 1/20 to 1/3 h.p. 
SYNCHRONOUS 1/100 to 1/16 
h.p. 
SHADED POLE 1/160 b.p. at 1,300 
r.p.m. 
GEARED UNITS 0.125 to 600 r.p.m. 
Torque up to 850 Ibs/ins. 


>. ¢ Make use of our vast resources 
and many years of experience. 


FRACTIONAL H.P. MOTORS LTD 


ROOKERY WAY, HENDON, N.W.9. Phone: Colindale 8022/4 


Also 6, Lansdowne Road, Erdington, Birmingham, 24 
Phone: Erdington 4600 
DaF/7581P 
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TREBLE YOUR 
MACHINE OUTPUT! 


‘4 


AJAX AJ5/6 MOTORISED 
UTILITY HEAD 


GIVES FAST FLOOR TO FLOOR MACHINE TIMES 


Illustration shows three AJAX AJ5 Utility motorised Heads 
which each simultaneously bore a 2” hole and surface a 
boss on light alloy casting in 160 seconds. 

Motor driven by rotor and stator unit } h.p. at 1,425 r.p.m. 
or } h.p. at 2,800 r.p.m. as required. 3” diameter 3 jaw self 
centring chuck is standard. Lever operated collet mech- 
anism for work up to 14” diameter available. 


(AJAX ) 


AJAX MACHINE TOOL CO. LTD. 


WESTMOUNT WORKS, HALIFAX, YORKS. PROP: ADA (HALIFAX) LTD 











MARKS AND MARKING 
AUTOMATICALLY OR BY HAND 
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| | Ses Model | TALYROND 
meet ROUNDNESS MEASURING INSTRUMENT 


Smoother, quieter for faster running 





Roundness is the key to smoother, quieter faster running, and such 

qualities depend upon the correct geometric shape as well as dimensional accuracy. 
The Taylor-Hobson ‘Talyrond’ Roundness Measuring Instrument 

will measure errors as infinitesimal as 3 micro-inches 

(.000,003-ins), thus assisting in the analysis 


IES 
of manufacturing processes, 


_ 


leading to optimum performance. 





LTD 








cen of TAYLOR TAYLOR & HOBSON LTD. LEICESTER, ENGLAND 


RANK PRECISION | 
INDUSTRIES LTD. TAW28 
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HEAT 
TREATMENT 












XK Capacity for case-hardening is now 
available in the most modern heat-treat- 


ment plant in London 


x Gas or pack carburising with full metal- 
lurgical control over all operations 


x Gleason quenching press equipment for 
pieces up to 36” dia. plus wide experience 


in the control of distortion 


x Flame-hardening of gears up to 10 ft. 
dia. with latest electronically controlled 
equipment 


E.N.V. ENGINEERING COMPANY LIMITED 
HYTHE ROAD - WILLESDEN ° N.W.10 
Tel: LADbroke 3622-3- 4-5-6 
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LET 

US 

BE 

YOUR 
MACHINE 
SHOP 





WE INVITE YOUR 
ENQUIRIES FOR: 


Capstan, turret and centre 
lathe work: Milling—all 
types—internal, surface 
and universal grinding. 
GSIP jig-boring, drilling, 
shaping, thread-milling, 
honing, etc. also for tool 
work. Ours is a complete 
machine shop to meet your 
every need. 


A.1.D. and A.R.B. 
Approved. 


MARSDEN & SHIERS LTD. 


DAVIS ROAD - CHESSINGTON - SURREY 
Phone ELMBRIDGE 5333-4 




















HERE ARE THREE particular 


EXAMPLES 


INDUSTRIAL CLEANING MACHINES 
can be designed to meet your 


cleaning problems 















This illustration shows a machine 





small parts in baskets. 


A power driven conveyor system is 
cleaning crank cases in the production employed with this cleaning machine 
line. It is equally capable of cleaning for ball bearings. 











Trays carrying the work are pushed 
through on a roller conveyor by hand 





in this cleaning installation. 



















Whilst offering a very wide variety of standard cleaning 
equipment, it is BRATBY policy, wherever possible to 
design the machine to meet the particular cleaning 
problem. Careful study of each individual problem 


Designed and Manufactured by: 


ensures maximum efficiency and economy of the plant 
in operation. The illustrations show but a few of the 
specific types of Cleaning Machines designed by 


BRATBY for individual needs. 


BRATBY & HINCHLIFFE LTD - GorTON LANE - MANCHESTER 18 - Tel.: EAST 2435 
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Manufactured from specially selected 
and heat treated high speed steel or 


carbon chrome steel. 


Precision ground threads and rigid 
inspection ensure accuracy of 


threaded components. 


Manufactured in all thread forms to 
: suit most types of thread-rolling 


| machines and attachments including: 


STEINLE 

i PEE-WEE 

; B.S.A. 
PITCHMASTER 


etc. 


All enquiries for dies to suit these 


and other machines will receive 





prompt attention. 


: CUT YOUR TOOLING COSTS AND RELIEVE YOUR 
THREAD PRODUCTION PROBLEMS BY SPECIFYING 


CIRCULAR THREAD ROLLING DIES 


ms “= 


Binds tai yeee 


from 


Bhisiiai 


SOUTHFIELDS ROAD, 
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| THREAD ROLLING DIES 





Prices for rolls to all designs and dimensions gladly supplied on request. 





PRECISION TOOLS AND INSTRUMENTS 


DUNSTABLE, BEDS. TEL: DUNSTABLE 422/3/4 


CIRCULAR 


A.I.D. AND A.P.|. APPROVED 


OHB 2847 
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ANNOUNCING 


A MAJOR BRITISH DEVELOPMENT IN BEARING TECHNOLOGY 


Bearings are now available Three materials with different functions have been 
which operate developed to assist those who wish to design machinery 
that avoids the use of lubricants. : 


an ; Thin steel strip with a porous bronze coating impreg- t 
- Somneaney ae net DU nated with a mixture of a fluoro-carbon (P.T.F.E.) wal f 
liquids lead. Supplied in flat lengths or as finished bushes and 
thrust washers in a range of sizes. Available at low 
s Under heavy loads or high cost from stock. 
speeds p A fluoro-carbon (P.T.F.E.) strengthened with special 
fillers and supplied in bars and tubes. A range of 
sk At temperatures from—200°C. diameters is available from stock. Non-standard or 
to 250°C irregularly shaped dry bearings can be simply machined , 
‘ ‘ from this material. 
sk In the presence of dust or DM A process of applying an adherent layer about .002” 
thick utilising the bearing properties of a combination 


abrasive particles of fluoro-carbon and molybdenum disulphide to the 


bearing surface of any ferrous part. Such parts must 


Nearly 1,000,000 of these bearings are already be sent to us for process. ' 
running in a wide range of mechanisms from The basic material we use in all these bearings is the ‘‘Fluon’’ brand 
gas turbines to textile machinery. : of Polytetrafluoroethylene supplied to us by I.C.I. Ltd. 


DU is a new development based on our original DP material 
DU which it now supersedes, and provides three times the load/speed G LA eC | E Re i 
carrying capacity of its predecessor. i 


Information sheets giving guidance on use, maximum loads, speeds etc., are available free on request. TEL: PERIVALE 6611. TELEX: GLAMET, WEMBLEY. 


THE GLACIER METAL COMPANY LIMITED - ALPERTON - WEMBLEY - MIDDLESEX 
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BIGGEST TIME € MONEY SAVER 
” WORK 
CLAMPING 












AnY TYPE OR SHAPE 
OF WORKPIECE} 
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PLUNGERS 


‘ Maximum pressure with 
smallest plungers Ss. 
Easily adaptable to any 
These plungers can exert a fixture desigr 


.. 
pressure of from 800lbs--4 tons wi ters 










Simultaneous 
Can be used in groups of any plunger actior gd SP 
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number ad ke 
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EQUIPMENT FOR AUTOMATION AND MECHANISATION 


b 
RW Barraclough Led 


Manufacturers and designers of Packaging machinery 





ETE IEF 


MBLEY. 


SEX 


Some of the special machines 





designed and manufactured at 


Southport ~- Supplied to The 





Ministry of Supply - Atomic 
Energy Authority -Commonwealth 


Governments - Makers of Radio 


REE cee Oe: 


Equipment - Domestic appliances 
Motor Industries, etc, etc. 
Specialists in Hydraulic 


and Pneumatically operated 









machines. 


RWB, 


R. W. BARRACLOUGH LTD. HARTWOOD ROAD, SOUTHPORT, LANCS. 


Grams - Packaging * Southport Phone - Southport - 55661/2 
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Now in its 66th year of publication 


THE PRACTICAL 
ENGINEER 
POCKET BOOK 


Edited by N. P. W. Moore, B.Se., A.C.G.1., D.LC., 
A.M.Inst.F. Here is the sixty-sixth edition of this ever- 
popular pocket book. With over 700 pages, it contains 
a mass of technical data, up-to-date articles on practical 
aspects of engineering, mathematical tables and 
formulae. Fully illustrated, it is an essential book for 
the engineer and contains a wealth of ready and useful 
information which can be obtained almost at a glance. 
With Technical Dictionaries in German. French and 
Spanish. From booksellers, 12/6 net. 














Parker St., Kingsway, London, WC2 


PITMAN 








to the 


POWDER METALLURGY 
INDUSTRY 






We are suppliers of 


plant, ©-8- 
sses, sinterin 


and 


mechanical 
mixers 


specialised g furnaces, 
hydraulic pre 


and sieves. 


Also 

“ Sintrex 
lytic Ir 
Powder 
components. 


owder, Electro- 
Steel 
netic 


i P 
» Atomised Iron 
on Powder and . 
for engineering and electro 


Sole Agency 


DORST Automatic Metal Powder Press. 


for 


The Instttution of Production Engineers Journal 


600 Group Service 








SONS AND COMPANY LIMITED 


Wood Lane London W.12 Telephone: SHEpherds Bush 2070 
Telegrams: Coborn Telex London 




















WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
A COMPLETE RANGE TO SUIT ALL DUTIES 
















Whatever it is you need—large or small capacity— 
high or low pressure—we can supply the best 
machine for the purpose, and our fifty years 
of specialised experience are at your service. 


REAVELL & CO. Ltp. 


IPSWICH 


Telephone Nos.: 2124-5 





Telegrams: Reavell, Ipswich 
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, 7ot- PRESS TOOLS: 
PUNCHES & DIES, 
: 








Burr-Free components and extreme accuracies through critical control of 


die-clearance and draft in segmental dies. 


PRECISION GRINDING LTD. 


MILL GREEN ROAD - MITCHAM - SURREY - Phone: MITCHAM 3014 


NRP. 2024 
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the last word in fork truck progress 
by - 


Coventry Climax now introduces a 

complete new series of fork lift trucks, 

new from the ground up — the 

‘UNIVERSAL’ — integrating diesel — — } 
petrol, L.P.G. or electric power in one y :. .| & DEB SEL 
basic design utilising the same main ‘ 
component parts for drive axle, steering 

axle, mast, etc., in 2,000, 3,000 and 

4,000 lb. capacity models with resulting 

benefits in truck value and operating 

economy. 


PRR ROK 


2000 Ib., 3000 Ib., 4000 Ib, CAPACITIES 


DIESEL/PETROL/ELECTRIC 


& LPG 


power —in ONE basic design 


COVENTRY CLIMAX ENGINES LTD DEPT PE) COVENTRY ENGLAND 





